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FOREWORD

The Annual Tropical Cyclone Report
is prepared by the staff of the Joint
Typhoon Warning Center (JTWC), a combined
USAF/USN organization operating under the
command of the Commanding Officer, U.S.
Naval Oceanography Command Center/Joint
Typhoon Warning Center, Guam. JTWC was
established in April 13959 when CINCPAC
directed CINCPACFLT to provide a single
tropical cyclone warning center for the
western North Pacific region. The operations
of JTWC are guided by CINCPACINST 3140.1
(series) .

The mission of the Joint Typhoon
Warning Center is multi-faceted and includes:

1. Continuous meteorological
monitoring of all tropical activity in the
Northern and Southern Hemispheres, from 180
degrees longitude westward to the east coast
of Africa, to anticipate tropical cyclone
development.

2. 1Issuing warnings for all
significant tropical cyclones in the above
area of responsibility.

3. Determination or reconnais-
sance requirements for tropical cyclone
surveillance and assignment of appropriate
priorities.

4. In depth post-storm analysis oi
all tropical cyclones occurring within the
western North Pacific and North Indian Oceans
for publication in this report.

5. Cooperation with the Naval
Environmental Prediction Research Facility
(NEPRF), Monterey, California, on the
operation evaluation of tropical cyclone
models and forecast aids, and the development
of new techniques to support operational
forecast scenarios.

Should JTWC become incapacitated, the
Alternate JTWC (AJTWC), located at the U.S.
Naval Western Oceanography Center, Pearl
Harbor, Hawaii, assumes warning responsi-
bilities. Assistance in determining
satellite reconnaissance requirements, and in

NOTE:

obtaining the resultant data, is provided hy
Letacnment 4, 1WW, Hickman AFB, Hawaii.

Satellite imagery used throughout this
report represents data obtained by the
tropical cyclone satellite surveillance
network. The personnel of Det 1, 1WW,
colocated with JTWC at Nimitz Hill, Guam,
coordinate the satellite acquisitions and
tropical cyclone surveillance by the fellowing
units:

Det 5, 1WW, Clark AB, RP

Det 8, 1wwW, Kadena AB, Japan
Det 15, 30WS, Osan AB, Korea
Det 4, 1WW, Hickam AFB, Hawaii
Air Force Global Weather Center,

Offutt AFB, Nebraska

In addition, the Naval Oceanography Command
Detachment, Diego Garcia, and DMSP equipped
U.S. Navy aircraft carriers have been
instrumental in providing vital satellite
position fixes of tropical disturbances in
the Indian Ocean.

In line with the proposals to implement
metric units of measurements within the
United States over the next few years,
various civilian and military organizations
have begun extensive educational programs
through use of metric eguivalents in
their publications. This report will include
metric unit equivalent measures whenever
possible.

A special thanks is extended to the
men and women of: 27th Communication Sguadron,
Operating Location C, for their continuing
support by providing high quality, real-time
satellite imagery; the Pacific Fleet Audio-
Visual Center, Guam, for their assistance
in the reproduction of satellite and graphics
data for this report; to the Navy Publications
and Printing Service Branch Office, Guam,
for their efforts to meet publication
deadlines; and to Mrs. Cynthia Blevins
for her patience and verseverance in typing
the many drafts and the final manuscript of
the report.

Appendix 5 contains information on

how to obtain past issues of the
Annual Typhoon Report (redesignated

Annual Tropical Cyclone Report in

1980).
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CHAPTER I - OPERATIONAL PROCEDURES

1. GENERAL

The Joint Typhoon Warning Center (JTWC)
provides a variety of routine services to the
organizations within its area of responsi-
bility, including:

a. Significant Tropical Weather Adviso-
ries: issued daily, this product describes
all tromical disturbances and assesses their
potential for further development;

b. Tropical Cyclone Formation Alerts:
issued when synoptic, satellite and/or
aircraft reconnaissance data indicate develop-
ment of a significant tropical cyclone in a
specified area is likely;

c. Tropical Cyclone Warnings: issued
periodically throughout each day for signi-
ficant tropical cyclones, giving forecasts
of position and intensity of the system; and

d. Prognostic Reasoning Message:
issued twice daily for tropical storms and
typhoons in the western North Pacific;
these messages discuss the rationale behind
the most recent warnings.

The recipients of the services of JTWC
essentially determine the content of JIWC's
products according to their ever-changing
requirements. Thus, the spectrum of the
routine services is subject to change from
vear to year; such changes are usually the
result of deliberations held at the Annual
Tropical Cyclone Conference.

2. DATA SOURCES
a. COMPUTER PRODUCTS:

A standard array of synoptic-scale
computer analyses and prognostic charts are
available from the Fleet Numerical Oceano-
graphy Center (FNOC) at Monterey, California.
These products are provided via the Naval
Environmental Data Network (NEDN).

b. CONVENTIONAL DATA:

This data set is comprised of land-~
based and shipboard surface and upper-air
observations taken at or near synoptic times,
cloud-motion winds derived twice daily from
satellite data, and enroute meteorological
observations from commercial and military
aircraft (AIREPS) within six hours of
synoptic times. Conventional data charts
are prepared daily at 0000Z and 1200Z using
hand- and computer~plotted data for the
surface/gradient, 500 mb (mid-tropospheric),
and 200 mb (upper-tropospheric) levels.

In addition to these charts, a 700 mb
(lower-tropospheric) chart is computer-
plotted from rawinsonde/pibal observations
received at FNOC for the 12-hour synoptic
times.

c. AIRCRAFT RECONNAISSANCE:

Aircraft weather reconnaissance data
are invaluable for the position of the
center of developing systems and essential
for the accurate determination of numerous

parameters, including;

- eye/center temperature and dewpoint

- maximum surface and flicht level wind
- minimum sea level pressure

- horizontal wind distribution

In addition, wind and pressure-height
data at the 500 and/or 400 mb level, provided
by the aircraft while enroute to, or from
fix missions, provide a valuable supplement
to the all too sparse data fields of JTWC's
area of responsiblity. A comprehensive
discussion of aircraft weather reconnaissance
is presented in Chapter II.

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data obtained
from Defense Meteorological Satellite
Program (DMSP), and National Oceanic and
Atmospheric Administration (NOAA), space-
craft played a major role in the early
detection and tracking of tropical cyclones
in 1982. A discussion of the role of these
programs is presented in Chapter II.

e. RADAR RECONNAISSANCE:

During 1982, as in previous years,
land radar coverage was utilized extensively
when available. Once a tropical cyclone
moved within the range of land radar sites,
their reports were essential for determi-
nation of small scale movement. Use of
radar reports during 1982 is discussed in
Chapter II.

3. COMMUNICATIONS

a. JTWC currently has access to three
primary communications circuits.

(1) The Automated Digital Network
(AUTODIN) is used for dissemination of
warnings and other related bulletins to
Department of Defense installations. These
messages are relayed for further transmission
over U.S, Navy Fleet Broadcasts, and U.S.
Coast Guard CW (continuous wave Morse code)
and voice broadcasts. Inbound message
traffic for JTWC is received via AUTODIN
addressed to NAVOCEANCOMCEN GUAM or JTWC GUAM.

(2) The Air Force Automated Weather
Network (AWN) provides weather data to JTWC
through a dedicated circuit from the
Automated Digital Weather Switch (ADWS) at
Hickam AFB, Hawaii. The ADWS selects and
routes the large volume of meteorological
reports necessary to satisfy JTWC requirements
for the right data at the right time. Weather
bulletins prepared by JTWC are inserted into
the AWN circuit via the NEDS and the Nimitz
Hill Naval Telecommunication Center (NTCC)
of the Naval Communications Area Master
Station Western Pacific.

(3) The Naval Environmental Data Network
(NEDN) is the communications link with the
computers at FNOC. JTWC is able to receive
environmental data from FNOC and access the
computers directly to run various programs.



- b. The Naval Environmental Display
Station (NEDS) has become the backbone of
the JTWC communications system; it is the
terminal that provides a direct interface
with the NEDN and AWN; and it is capable

of preparing messages for indirect AUTODIN
transmission. The NEDS also provides a
means for the Typhoon Duty Officer (TDO)

to request forecast aids which are processed
on the FNOC computers and transmitted to the
TDO over the NEDN circuit.

4. ANALYSES

A composite surface/gradient level
(3000 £t (915 m)) manual analysis of the JTWC
area of responsibility is accomplished on the
0000Z and 12002 conventional data. Analysis
of the wind field using streamlines is
stressed for tropical and subtropical
regions. Analysis of the pressure field is
accomplished routinely by the Naval Ocean-
ography Command Center (NOCC) Operations
watch-team and may be used in conjunction
with JTWC's analysis of tropical wind fields.

Manual streamline analysis of the 500 mb
level is accomplished on the 0000Z and 12002
data. This analysis is used to delineate the
mid-tropospheric steering currents, which
can be extremely important to the tropical
cyclone forecast.

A composite upper-tropospheric manual
streamline analysis is accomplished daily
utilizing rawinsonde data from 300 mb through
100 mb, winds derived from cloud motion
analysis, and AIREPS (plus or minus 6 hours)
at or above 29,000 feet (8,839 m). Wind
and height data are used to arrive at a
representative analysis of tropical cyclone
outflow patterns, mid-latitude steering
currents, and features that mav influence
tropical cyclone intensity. All charts are
hand-plotted over areas of tropical cyclone
activity to provide all available data as
soon as possible to the TDO. These charts
are augmented by the computer-plotted charts
for the final analysis.

A 700 mb computer-plotted chart is
available for streamline or height-change
analysis from the 0000Z and 1200Z data base.
Additional sectional charts at intermediate
synoptic times and auxiliary charts such as
station-time plot diagrams and pressure-
change charts are also analyzed during periods
of significant tropical cyclone activity.

5. FORECAST AIDS

The following objective techniques
were employed in tropical cyclone forecasting
during 1982 (a description of these techniques
is presented in Chapter 1IV):

a. MOVEMENT
(1) 12-HR EXTRAPOLATION
(2) CLIMATOLOGY
. (3) HPAC (Extrapolation/Climatology)
(4} BPAC (Extrapolation/Climatology)
(5) CYCLOPS (Steering)

(6) TYAN78 (Analog)

(7) ONE-WAY TROPICAL CYCLONE
MODEL (Dynamic)

(8) NESTED TROPICAL CYCLONE
MODEL (Dynamic)

(9) TAPT (Empirical)
b. INTENSITY
(1) THETA E (Empirical)
(2) WIND RADIUS (Analytical)

(3) DVORAK (Empirical)

6. FORECAST PROCEDURES

a. INITIAL POSITIONING:

In the preparation of each warning an
accurate location (fix) of the tropical
cyclone's surface center within two to three
hours of warning time is of prime importance.
JTWC uses the Selective Reconnaissance Program
(SRP) to levy an optimal nix of available
resources to obtain the necessary fix informa-
tion. Whenever a tropical cyclone is poorly
defined or the actual surface center cannot
be determined, and when conflicting fix
information is received, the "best estimate"”
of the surface location is subjectively
determined from the analysis of all available
data. If the fix data are not available due
to reconnaissance platform malfunctions or
communication problems, synoptic data or
extrapolation from previous fixes are used.
The warning position is then obtained by
determining the "best track" of the tropical
cyclone up to the last fix, or best estimate
of the position of its surface center, and
forecasting its movement to the warning time.

b. TRACK FORECASTING:

A preliminary forecast track is developed
based on an evaluation of the rationale
behind the previous warning and the guidance
given by the most recent objective techniques
and numerical prognoses. This preliminary
track is subjectively modified based on the
following considerations:

(1) The prospects for recurvature or
erratic movement are evaluated. This evalu-
ation is based primarily on the present and
forecast, positions and amplitudes of the
middle~tropospheric, mid~latitude troughs
as depicted on the latest upper air analyses
and numerical prognoses.

(2) Determination of the best steering
level is partly influenced by the maturity
and vertical extent of the tropical cyclone.
For mature tropical cyclones located south of
the subtropical ridge, forecast changes in
speed of movement are closely correlated with
anticipated changes in the intensity or rela-
tive position of the ridge. When steering
currents are relatively weak, the tendency
for tropical cyclones to move northward due
to internal forces is an important consider-
ation.

(3) Over the 12~ to 72-hour forecast
period, speed of movement during the early
forecast period is usually biased toward
persistence, while the subsequent forecast
periods are biased toward objective



- techniques. When a tropical cyclone moves
poleward, and toward the mid-latitude
steering currents, speed of movement
becomes increasingly more biased toward a
selective group of objective techniques
capable of estimating significant increases
in speed of movement.

(4) The proximity of the tropical
cyclone to other tropical cyclones is
closely evaluated to determine if there
is a possibility of a Fujiwhara interaction
(the apparent rotation of two or more
cyclones about a common axis or axes).

A final check is made against climatology
to determine whether the forecast track is
reasonable. If the forecast deviates greatly
from one of the climatological tracks, the
forecast rationale may be reappraised.

C. INTENSITY FORECASTING:

In this parameter, heavy reliance is
placed on intensity trends from aircraft
reconnaissance reports, wind and pressure
data from ships and land stations in the
vicinity of the tropical cyclone, the
Dvorak satellite interpretation model and
other objective techniques. An evaluation
of the entire synoptic situation is made,
including the location of major troughs and
ridges, the position and intensity of any
nearby tropical upper~tropospheric troughs
(TUTT), the vertical and horizontal extent
of the tropical cyclone's circulation and
the extent of the associated upper-level
outflow pattern. An essential element
affecting each intensity forecast is the
accompanying forecast track and the influence
of environmental parameters along that track,
such as: sea thermal fronts, terrain
influences, vertical wind shear, and an
extratropical environment.

Once the forecast intensities have been
derived, the horizontal distribution of
destructive winds (greater than 30-,

50- and 100-knots) is determined. The most
recent wind radii and associated asymmetries
are deduced from all available surface wind
observations and reconnaissance aircraft
reports. Based on the current wind distri-
bution, preliminary estimates of future wind
radii are provided by an empirically derived
objective technigue. These estimates may be
subjectively modified based on the anticipated
interaction of the tropical cyclone's circu-
lation with forecast locations of large-scale
wind regimes and significant landmasses.

Other factors including the tropical cyclone's
speed of movement and possible extratropical
transition are considered.

7. WARNINGS

Tropical cvclone warnings are issued when
a definite closed circulation is evident and
maximum sustained surface winds are forecast
to increase to 34 knots (18 meters per
second) within 48 hours, or if the tropical
cyclone is in such a position that life or
property may be endangered within 72 hours.
Warnings may also be issued in other
situations if it is determined that there is
a need to alert military or civil interests
to conditions which may become hazardous in a
short period of time.

Each tropical cyclone warning is numbered
sequentially and includes the following
information: the position of the surface
center; estimate of the position accuracy
and the supporting reconnaissance (fix)
platforms; the direction and speed of move-
ment in the past six hours; the intensity and
radial extent of surface winds over 30-, 50-,
and 100-knots, when applicable. At forecast
intervals of 12-, 24-, 48- and 72-hours,
information on the tropical cyclone's antici-
pated position, intensity and wind radii is
also provided.

Warnings within the western North Pacific
Ocean are issued within two hours of 0000%,
06002, 12002 and 1800Z with the constraint
that consecutive warnings may not be more
than seven hours apart. Warnings in the
North Indian Ocean are issued within two
hours of 0200z, 0800z, 1400Z and 20002, again
with the constraint that consecutive
warnings may not be more than seven hours
apart, Warning forecast positions are
verified against the corresponding "best
track" positions. A summary of the veri-
fication results from 1982 is presented in
Chapter IV.

As of 1 January 1980, JTWC issues
tropical cyclone warnings in an Automated
Data Processing (ADP) format. This formatted
warning possesses readability for all users
and allows activities with ADP equipment to
enter tropical cyclone warning data directly
into ADP equipment data bases.

8. PROGNOSTIC REASONING MESSAGE

For tropical storms and typhoons in the
western North Pacific Ocean, prognostic
reasoning messages are transmitted following
the 0000Z and 1200% warnings, or whenever
the previous reasoning is no longer valid.
This plain language message is intended
to provide meteorologists with the reasoning
behind the latest JTWC forecast.

Included in the prognostic reasoning
message are confidence statements for the
24- and 48-hour forecast positions. These
confidence vaiues are percentage proba-
bilities that forecast position errors will
be less than 100 and 150 nm, and 200 and
300 nm for 24 and 48 hours, respectively.
These probabilities are based on objective
data from error analysis studies of past
tropical cyclones and are a function of
current position, initial forecast movement,
intensity, and the number of tropical
cyclones in warning status in the western
North Pacific Ocean.

In addition to this message, prognostic
reasoning information applicable to all
customers is provided in the remarks section
of warnings when significant forecast changes
are made or when deemed appropriate by the
TDO.



9.  SIGNIFICANT TROPICAL
WEATHER ADVISORY .

This product contains a general,
non-technical description of all tropical
disturbances in the JTWC area of resvponsi-
bility and an assessment of their potential
for further (tropical cyclone) development.
In addition, all tropical cyclones in
warning status are briefly discussed. This
message is issued by 0600Z daily and is
reissued whenever the situation warrants.

10. TROPICAL CYCLONE
FORMATION ALERT

Formation alerts are issued whenever
interpretation of satellite imagery and
other meteorological data indicates that
the formation of a significant tropical
cyclone is likely. These formation alerts
will specify a valid period not to exceed
24 hours and must either be cancelled,
reissued, or superseded by a tropical
cyclone warning prior to the expiration of
the valid time.



CHAPTER 1l - RECONNAISSANCE AND FIXES

1. GENERAL

The Joint Typhoon Warning Center depends
on reconnaissance to provide necessary,
accurate, and timely meteorological information
in support of each warning. JTWC relies
primarily on three reconnaissance platforms:
aircraft, satellite, and radar. In data
rich areas synoptic data are also used to
supplement the above. Optimum utilization of
all available reconnaissance resources is
obtained through the Selective Reconnaissance
Program (SRP); various factors are considered
in selecting a specific reconnaissance platfornm
including capabilities and limitations, and
the tropical cyclone's threat to life/property
afloat and ashore. A summary of reconnais-
sance fixes received during 1982 is included
in Section 6 of this Chapter.

2. RECONNAISSANCE AVAILABILITY

a. .Aircraft

Aircraft weather reconnaissance in
the JTWC area of responsibility is performed
by the 54th Weather Reconnaissance Squadron
{54th WRS) located at Andersen Air Force
Base, Guam. The 54th WRS is presently
equipped with six WC-130 aircraft and, from
July through October, is augmented by the
53rd WRS from Keesler Air Force Base,
Mississippi, bringing the total number of
available aircraft to nine. The JTWC
reconnaissance requirements, provided daily
throughout the year to the Tropical Cyclone
Aircraft Reconnaissance Coordinator (TCARC),
include system(s) to be fixed, fix times, and
forecast positions for each fix. The following
priorities are utilized in acquiring
meteorological data from reconnaissance
aircraft in the western North Pacific area in
accordance with CINCPACINST 3140.1 (series):

(1) Investigative flights and
vortex or center fixes.

(2) Synoptic data acquisition
in support of tropical cyclone warnings.

(3) Supplementary fixes on
tropical cyclones.

As in previous years, aircraft reconnais-
sance provided direct measurements of height,
temperature, flight-level winds, sea level
pressure, estimated surface wind (when
observable), and numerous additional para-
meters. The meteorological data are gathered
by the Aerial Reconnaissance Weather Officers
(ARWO) and dropsonde operators of Detachment
4, Hq AWS, who fly with the 54th WRS. These
data provide the Typhoon Duty Officer (TDO)
with indications of changing tropical cyclone
characteristics, radii of associated winds,
and current tropical cyclone position and
intensity. Another important aspect is the
availability of the data for research on
tropical cyclone analysis and forecasting.

b. Satellite

Satellite fixes from USAF/USN ground
sites and USN ships provide day and night

coverage in the JTWC area of responsibility.
Interpretation of this satellite imagery
provides tropical cyclone positions and
estimates of current and forecast intensities
through the Dvorak technigue (for davtime

[ asses) .

c. Radar

Land radar provides positioning data on
well developed tropical cyclones when in the
proximity (usually within 175 nm (324 km)) of
the radar sites in the Philippines, Taiwan,

Hong Kong, Japan, South Korea, Kwajalein, and
Guam.

d. Synoptic

In 1982 JTWC also determined tropical
cyclone positions based on the analysis of the
surface/gradient level synoptic data. These
positions were helpful in situations where
the vertical structure of the tropical cyclone
vas weak or accurate surface positions from
aircraft were not available due to flight
restrictions.

3. AIRCRAFT RECONNAISSANCE
SUMMARY

During the 1982 tropical season, the
JIWC levied 276 vortex fixes and 50 investi-
gative missions of which 17 were flown into
disturbances which did not develop. 1In
addition to the levied fixes, 180 supplemental
fixes were also cobtained. The average vector
error for all aircraft fixes received at the
JTWC during 1982 was 11 nm (20 km).

Aircraft reconnaissance effectiveness is
summarized in Table 2-1 using the criteria as
set forth in CINCPACINST 3140.1 (series).

TABLE 2-1. AIRCRAFT RECONNAISSANCE EFFECTIVENESS

NUMBER OF
EFFECTIVENESS LEVIED FIXES PERCENT
COMPLETED ON TIME 239 86.5
EARLY 6 2.2
LATE 14 5.1
MISSED 17 6.2
TOTAL 276 100.0
LEVIED VS. MISSED FIXES
LEVIED MISSED PERCENT
AVERAGE 1965-1970 507 10 2.0
1971 BO2 61 7.6
1972 624 126 20.2
1973 227 13 5.7
1974 358 30 8.4
1975 217 7 3.2
1976 317 11 3.5
1977 203 3 1.5
1978 290 2 0.7
1979 289 14 4.8
1980 213 4 1.9
1981 201 3 1.5
1982 276 17 6.2




4. SATELLITE RECONNAISSANCE SUMMARY

The Air Force provides satellite
reconnaissance support to JTWC using imagery
from a variety of spacecraft. The tropical
cyclone satellite surveillance network
consists of both tactical and centralized
facilities. Tactical DMSP sites are located
at Nimitz Hill, Guam; Clark AB, Republic of
the Philippines; Kadena AB, Japan; Osan
AB, Korea; and Hickam AFB, Hawaii. These
sites provide a combined coverage that
includes most of the JTWC area of responsi-
bility in the western North Pacific from near
the dateline westward to the Malay Peninsula.
The Naval Oceanogravhy Command Detachment,
Diego Garcia, provides NOAA polar-orbiting
coverage in the central South Indian Ocean;
this reconnaissance supplements the Air
Force Global Weather Central (AFGWC) support
in this data sparse region.

AFGWC, located at Offutt AFB, Nebraska,
is the centralized member of the tropical
cyclone satellite surveillance network. In
support to JTWC, AFGWC processes imagery
from DMSP and NOAA spacecraft. Imagery
processed at AFGWC is recorded on-board
the spacecraft as it passes over the earth.
Later, these data are downlinked to AFGWC
via a network of command/readout sites and
communications satellites. This enables
AFGWC to obtain the coverage necessary to
fix all tropical systems of interest to
JTWC. AFGWC has the primary responsibility
to provide tropical cyclone surveillance over
the entire Indian Ocean and portions of the
western North Pacific on both sides of the
dateline. Additionally, AFGWC can be tasked
to provide tropical cyclone positions in the
western North Pacific and South Pacific as
backup to coverage routinely available in
those regions.

The hub of the network is Det 1, 1WW,
colocated with JTWC on Nimitz Hill, Guam.
Based on available satellite coverage, Det 1
coordinates satellite reconnaissance require-
ments with JTWC and tasks the individual
network sites for the necessary tropical
cyclone fixes. Therefore, when a position
from a polar-orbiting satellite is required
as the basis for a warning, called a "levied
f£ix", a dual-site tasking concept is applied.
Under this concept, two sites are tasked to
fix the tropical cyclone from the same satel-
lite pass. This provides the necessary
redundancy to virtually guarantee JTWC a
successful satellite fix on the tropical
cyclone. Using this dual-site concept, the
satellite reconnaissance network is capable
of meeting all of JTWC's levied satellite fix
requirements. Dual-site tasking can also be
applied in portions of the North Indian'0cean
by tasking AFGWC and the Navy site at Diego
Sarcia.

The network provides JTWC with several
products and services. The main service is
one of surveillance. Each site reviews its
daily satellite coverage for indications of
tropical cyclone development. If an area
exhibits the potential for development, JTWC
is notified. Once JTWC issues either a
formation alert or warning, the network is
tasked to provide three products: tropical
cyclone positions, intensity estimates, and
24-hour intensity forecasts. Satellite
tropical cyclone positions are assigned
position code numbers (PCN) depending on the
availability of geography for precise gridding
and the degree of organization of the tropical
cyclone's circulation center (Table 2-2).
During 1982, the network provided JTWC with
a total of 2026 satellite fixes on tropical
systems in the western North Pacific. Another
146 were made for tropical systems in the
North Indian Ocean. A comparison of those
fixes made on numbered tropical cyclones in
the western North Pacific with their
corresponding JTWC best track positions is
shown in Table 2-3. Estimates of the tropical
cyclone's current intensity and a 24-hour
intensity forecast are made once each day by
applying the Dvorak technique (NOAA Technical
Memorandum NESS 45 as revised) to daylight
visual data.

The availability of polar-orbiting
meteorological satellites declined again in
1982, after an improvement in 1981. At the
beginning of 1982, there were three polar-
orbiting satellites available; F~3 (FTV
14537) with limited coverage and availa-
bility, and NOAA 6 and 7 which were functioning
normally. In February, NOAA 6 developed
scanning problems and provided very little
imagery data except for brief periods
through most of the 1982 season. In November,
the problem was corrected and NOAA 6 began
functioning normally once again. NOAA 7,
with nearly 8,000 orbits at the end of
1982, provided excellent data throughout the
year and served as the network's primary
reconnaissance satellite. A DMSP spacecraft,
F-6 (FTV 17540), was launched on 20 December
and is expected to be operational in January,
1983. F-6 replaces F-3 and may become the
network's primary reconnaissance satellite in
1983. The outlook for 1983 looks even better,
with projected launches of NOAA-E in February
and F-7 in the latter part of the year.

TABLE 2-2. POSITION CODE NUMBERS

METHOD OF CENTER DETERMINATION/GRIDDING

EYE/GEOGRAPHY
EYE/EPHEMERIS

WELL DEFINED CC/GEOGRAPHY
WELL DEFINED CC/EPHEMERIS

POORLY DEFINED CC/GEOGRAPHY
POORLY DEFINED CC/EPHEMERIS

CC = Circulation Center




TABLE 2-3.

MEAN DEVIATION (NM) OF ALL SATELLITE DERIVED TROPICAL
CYCLONE POSITIONS FROM THE JTWC BEST TRACK POSITIONS.

NUMBER OF CASES (IN PARENTHESES).

WESTERN NORTH PACIFIC QOCEAN

1974-1981 AVERAGE
(ALL SITES)
13.7 (428)
17.9 ( 85)

19.5 (652)
24,4  (120)

36.6 (1514)
44.1  (317)
14.4 (513)
20.4  (772)
37.9 (1831)

1982

(ALL SITES)

12.9
11.5

16.8
15.7

32.3
32.8
11.9
16.0
32.6

(109)
(291)

(113}
(293)

(325)
(732)
(400)
(406)
(1057)

NORTH INDIAN OCEAN

1980-1981 AVERAGE

(ALL SITES)

17.0 (9
9.5 (2)

29.7 ( 6)
(o

32.0 (22)
37.0 (33)
(11)
( 6)
(55)

1982

(ALL SITES)

15.4
8.5

15.8
19.1

33.3
33.6
14.7
17.5
33.4

(18)
(2)

(3)
(3

(43)
(31)
(20)
( 6)
(74)

Besides fixes from the network, JTWC
also received satellite-derived tropical
cyclone positions from several secondary
sources during 1982. These included: U.S.
Navy ships equipped for direct readout; the
National Environmental Satellite Service
(NESS) using NOAA and GOES data; and the
Naval Polar Oceanography Center, Suitland,
Maryland using stored DMSP and NOAA data.
Fixes from these secondary sources are not
included in the network statistics.

5. RADAR RECONNAISSANCE SUMMARY

Eighteen of the 28 significant tropical
cyclones occurring over the western North
Pacific during 1982 passed within range of
land based radars with sufficient cloud
pattern organization to be fixed. The hourly
and oftentimes, half-hourly land radar fixes
that were obtained and transmitted to JTWC
totaled 475.

The WMO radar code defines three
categories of accuracy: good (within 10 km
(5 nm)), fair (within 10 to 30 km (5 to 16 nm)),
and poor (within 30 to 50 km (16 to 23 nm)).
This year, 475 radar fixes were coded in this
manner; 243 were good, 145 fair, and 87 poor.
Compared to the JTWC best track, the mean
vector deviation for land radar sites was
16 nm (30 km). Excellent support through
timely and accurate radar fix positioning
allowed JTWC to track and forecasdt tropical
cyclone movement through even the most
difficult and erratic tracks.

No radar fixes were made by reconnaissance
aircraft during the 1982 tropical cyclone
season in the western North Pacific area and,
as in previous years, no radar reports were
received on North Indian Ocean tropical
cyclones.

6. TROPICAL CYCLONE FIX DATA

A total of 2970 fixes on 28 western North
Pacific tropical cyclones and 127 fixes on
five North Indian Ocean tropical cyclones
were received at JTWC. Table 2-4, Fix
Platform Summary, delineates the number of
fixes per platform for each individual
tropical cyclone. Season totals and
percentages are also indicated.

Annex A includes individual fix data for
each tropical cyclone. Fix data are divided
into four categories: Satellite, Aircraft,
Radar, and Synoptic. Those fixes labelled
with an asterisk (*) were determined to be
unrepresentative of the surface center and
were not used in determining the best tracks.
Within each category, the first three columns
are as follows:

FIX NO. - Sequential fix number

TIME (Z) - GMT time in day, hours
and minutes

FIX POSITION - Latitude and longitude
to the nearest tenth of a degree

Depending upon the category, the remainder
of the format varies as follows:

a. Satellite

(1) ACCRY - Position Code Number
(PCN) is used to indicate the accuracy of
the fix positon. A "1" indicates relatively
high accuracy and a "6" relatively low
accuracy.

(2) DVORAK CODE - Intensity evalua-
tion and trend utilizing visual satellite
data (Figure 2-1, Table 2-5). (For specifics,
refer to NOAA TM; NESS-45)

(3) COMMENTS - For explanation of
abbreviations, see Appendix I.

(4) SITE - ICAO call sign of the
specific satellite tracking station.

b. Aircraft

(1) FLT LVL - The constant pressure
surface level, in millibars or altitude, in
feet, maintained during the penetration. The
normal level flown in developed tropical
cyclones, due to turbulence factors, is 700 mb.
Low-level missions are normally flown at
1500 ft (457 m).

(2) 700 MB HGT - Minimum height of
the 700 mb pressure surface within the
vortex recorded in meters.



TABLE 2-4. FIX PLATFORM SUMMARY FOR 1982

FIX PLATFORM SUMMARY

WESTERN NORTH PACIFIC AIRCRAFT SATELLITE SYNOPTIC TOTAL

MAMIE 7 68 78
NELSON 25 105 141
ODESSA 15 55 70
PAT 16 52 75
RUBY 15 63 78
TESS - 40 48
SKIP 4 25 30
VAL 2 14 20
WINONA 16 86 197
11 72 97
30 101 139
16 82 143
23 66 94
24 87 178
27 133 204
36 90 126
1 26 33
13 109 188
26 68 109
33 84 152
- 28 28
2 10 12

32 73

19 80
1 15 16

27 128

44 160
3 44 75

% OF TOTAL
NR OF FIXES

INDIAN OCEAN SATELLITE SYNOPTIC

TC 20-82 46
TC 22-82 31
TC 23-82 29
24-82 6

10

% OF TOTAL
NR OF FIXES
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TABLE 2-5. MAXIMUM SUSTAINED WIND SPEED (KT)
AS A FUNCTION OF DVORAK CI & FI
(CURRENT & FORECAST INTENSITY)
NUMBER AND MINIMUM SEA LEVEL
PRESSURE (MSLP)

TROPICAL CYCLONE WIND MSLP
INTENSITY NUMBER SPEED (NW _PACIFIC)

25
25
30
35
45
55
65
77
20
102
115
127
140
155
170

« s 4 s s s s
onmouvounmonoouono

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8

(3) OBs MSLP - If the surface
center can be visually detected (e.g., in the
eye), the minimum sea level pressure is
obtained by a dropsonde released above the
surface vortex center. If the fix is made
at the 1500-foot level, the sea level
pressure is extrapolated from that level.

(4) MAX-SFC-WND -~ The maximum
surface wind (knots) is an estimate made by
the ARWO based on sea state. This observation
is limited to the region of the flight path
and may not be representative of the entire
tropical cyclone. Availability of data is
also dependent upon the absence of undercast
conditions and the presence of adequate
illumination. The positions of the maximum
flight level wind and the maximum observed
surface wind do not necessarily coincide.

(5} MAX-FLT-LVL-WND -~ Wind speed
(knots) at flight level is measured by the
AN/APN 147 doppler radar system aboard the
WC-130 aircraft. Values entered in this
category represent the maximum wind measured
prior to obtaining a scheduled fix. This
measurement may not represent the maximum
flight level wind associated with the tropical
cyclone because the aircraft only samples
those portions of the tropical cyclone along
the flight path. In many instances, the
flight path is through the weak sector of
the tropical cyclone. 1In areas of heavy
rainfall, the doppler radar may track energy
reflected from precipitation rather than from
the sea surface, thus, preventing accurate
wind speed measurement. In obvious cases,
such erroneous wind data will not be reported.
In addition, the doppler radar systen on the
WC-130 restricts wind measurements to drift
angles less than or equal to 27 degrees if
the wind is normal (perpendicular) to the
aircraft heading.

(6) ACCRY - Fix position accuracy.
Both navigational (OMEGA and LORAN) and
meteorological (by the ARWO) estimates are
given in nautical miles.

(7) EYE SHAPE - Geometrical
representation of the eye based on the aircraft
radar presentation. The eye shape is reported
only if the center is 50 percent or more
surrounded by wall cloud.

(8) EYE DIAM/ORIENTATION - Diameter
of the eye in nautical miles. When an
elliptical eye is present, the lengths of the
major and minor axes and the orientation of
the major axis are respectively listed.

When concentric eye walls are present, each
diameter is listed.

c. Radar

(1) RADAR - Specific type of
platform (land, aircraft, or ship) utilized
for fix.

(2) ACCRY - Accuracy of fix
position (good, fair, or poor) as given in
the WMO ground radar weather observation code
(FM20-V) .

(3) EYE SHAPE - Geometrical
representation of the eye given in plain
language (circular, elliptical, etc.).

(4) EYE DIAM - Diameter of eye
given in kilometers.

(5) RADOB CODE - Taken directly
from WMO ground weather radar observation
code FM20-V. The first group specifies the
vortex parameters, while the second group
describes the movement of the vortex center.

(6) RADAR POSITION -~ Latitude and
longitude of tracking station given in tenths
of a degree.

{(7) SITE - WMO station number of
the specific tracking station.



CHAPTER il - SUMMARY OF TROPICAL CYCLONES

1. WESTERN NORTH PACIFIC TROPICAL CYCLONES

-

During 1982, the western North Pacific order from a list of alternating male/
experienced the fourth consecutive year of female names (refer to Appendix 3).
below average tropical cyclone activity. Table 3-1 provides a summary of key
Twenty-eight tropical cyclones occurred in statistics for western North Pacific
1982, three and one-half less than the annual tropical cyclones. Each tropical cyclone's
average. Only two significant tropical maximum surface winds (in knots) and
cyclones failed to develop beyond the minimum observed sea level pressure (in
tropical depression (TD) stage and seven millibars) were obtained from best estimates
tropical storms (TS) failed to reach typhoon based on all available data. The distance
intensity. Of the 19 tropical cyclones traveled (in nautical miles) was calculated
that developed to typhoon (TY) intensity from the JTWC official best tracks (see
(the highest frequency since 1972), only two Annex A).
reached the 130 kt (67 m/sec) intensity
necessary to be classified as super typhoons Table 3-2 through 3-5 provide further
(STY). 1In the western North Pacific, tropical information on the monthly distribution of
cyclones reaching tropical storm intensity tropical cyclones and statistics on Tropical
or greater are assigned names in alphabetical Cyclone Formation Alerts and Warnings.

TABLE 3-1. WESTERN NORTH PACIFIC

1982 SIGNIFICANT TROPICAL CYCLONES

CALENDAR NUMBER OF MAXIMUM BEST TRACK
DAYS OF WARNINGS SURFACE OBSERVED DISTANCE
TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED WIND (KT) MSLP (MB) TRAVELED (NM)

01 TS MAMIE 16 MAR 24 MAR 9 35 60 990 2733
02 TY NELSON 19 MAR 1 APR 53 105 934 3063
a3 TY ODESSA 29 MAR 4 APR 25 75 964 1528
a4 TY PAT 17 MAY 23 MAY 24 105 947 1994
05 TY RUBY 21 JuUN 27 25 75 970 2173
06 TS TESS 29 JuN 2 JuL 14 35 999 585
07 TS SKIP 30 JuN 1 8 50 991 1197
08 TS VAL 3 JuL 4 7 55 987 867
09 TS WINONA 12 17 22 55 985 1486
10 TY ANDY 22 JuL 30 32 120 92¢ 2072
11 BESS 22 JUL 2 43 140 901 2811
12 TY CECIL 5 AUG 14 39 1285 914 1665
13 TY DOT 9 AUG 1s 27 80 960 2435
14 TY ELLIS 18 AUG 27 36 125 913 2640
15 TY FAYE 21 AUG 3 50 90 960 2454
16 TY GORDON 27 AUG 5 38 100 944 2014
17 TS HOPE 4 SEP 6 SEP 10 60 630
18 TY IRVING 5 SEP 16 SEP 44 20 1778
19 TY JUDY 5 SEP 12 sep 29 90 2133
20 TY KEN lé SEP 25 SEP 37 110 1647
21 TS LOLA 16 SEP 19 SEP 12 50 1424
22 ™D 22 21 SEP 22 SEP S 30 282
23 STY MAC 1 oCT 9 oCT 32 140 2287
24 TY 11 ocT 18 ocrT 29 115 2400
25 TD 25 15 ocT 16 OCT S 20 228
26 TY 15 ocT 27 OCT*** 40 105 3604
27 TY 24 Nov 9 DEC 16 60 100 4291
28 TY 8 DEC 10 DEC 3 12 65 906

[
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1982 TOTALS: 150* Te3**

OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM
IN ADDITION. 17 AMENDED WARNINGS WERE ISSUED DURING 1982
NO WARNINGS WERE ISSUED FOR TY OWEN ON 23 OCTOBER

1



TABLE 3-2.

WESTERN 1982 SIGNIFICANT TROPICAL CYCLONES

NORTH PACIFIC (1959-1981)

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TQOTAL |AVERAGE CASES

TROPICAL
DEPRESSIONS

TROPICAL STORMS 0
TYPHOONS 0

91
225
409

ALL TROPICAL
CYCLONES 725

1959-1981 PREVIOUS
AVERAGE .6 .7 1.0 1.4 2.0 5.0 6.3 5.9 4.4 2.7 1.4 31.5 23-YEAR
CASES 13 15 22 32 45 115 144 136 101 62 32 725 HISTORY

FORMATION ALERTS: 26 of 36 Formation Alert Events developed into significant tropical
cyclones. Tropical Cyclone Formation Alerts were Issued for all but
two of the significant tropical cyclones that developed during 1982.

WARNINGS: Number of warning days: 150

Number of warning days with
two tropical cyclones in region: 56

Number of warning days with three
or more tropical cyclones in region: 6

TABLE 3-3.
FREQUENCY OF TYPHOONS BY MONTH AND YEAR

YEAR

(1945-1958)
AVERAGE .7 1.1 2.0 2.9

1959
1960
1961
1962
1963
1964

1

OO0 OO0O0
NN ORNO
AW WN

wWw~woeowm
uwnuvow

1965
1966
1967
1968
1969
1970

OHOOOK OOOOQO
CoOOHOOC OCOOROO
OHKHRRPH ORKMOKM
COOOHO HNOHMN

HQOOOO
0 Wb OY W
DR WA
wwhwhnN

1971
1972
1973
1974
1975
1976

NOHOHKM COMONN NN OO

cocooccoo
HooOOoOoOWw
HWNN B W
B R W
W W
ooocoNnO

1977
1978
1979
1980
1981
1982

MR RN HONONKE HEMWOH SOWHHN

DOOHOQ HHOOO
NHEOMMOO OO0 O

HONOOCO
WHENNWW

CCOrKHO
RN WwN W W LSl e ] O N W

HNOOOCO NONO KN HOMHMHN

cocococoo
NN O
WU W N
HNO RO M

(1959-1982)
AVERAGE .3 .6 .9 1.0 2.8 3.4 3.3 3.0 1.6

CASES 6 15 20 23 66 81 80 72 38
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TABLE 3-4.
FREQUENCY OF TROPICAL STORMS AND TYPHOONS BY MONTH AND YEAR

YEAR

(1945-1958)
AVERAGE

.
«©
w
.

o
w
N

o
i
.

[
w
.

w
L)
.

~}

1959
1960
1961
1962
1963
1964

26
27
31
30
25
40

coorHOoO
OOoOMROP
cocorHOP
MR NWRO
NWOoONWS
OB UTW W
W W=ldoh
SN W oW o
MO WHHN
W N

1965
1966
1967
1968
1969
1970

34
30
35
27
198
24

SR N  a a
MWasaWwh aUtiuda s

OHOKFHON
roocoOoN
oOmONO R
CORMNN
[SERERE-NCAT
O 4> 00 6O O OV
B WL T~
W NN
O O

1971
1972
1973
1974
1975
1976

35
30
21
32
20
25

o O
HooOOoO
U1 UL

19
28
24
24
28
26

1977
1978
1979
1980
1981
1982

WO WH NOBOoOWKN VOHFRFHW
(S N RO RS uUUNeR

ccorro
cooooo

WHOHFHOK OOHOORM
ONPFRHEFO NOROOW
HOBHOO NOHORES
FONEE B N N NI R . X
[5, IR ¥ XN e

[ S-SR Y U B U b
FWHNWN HWwbWwlN
HNRMNOH NONOWO

(1959-1982)
AVERAGE

CASES

.9 1.2 1.6 4.5 5.4 5.0 4.0 2.4 1.2 27.5
21 29 33 108 130 120 95 57 28 660

~ e
w

—

N
o))

TABLE 3-5.
FORMATION ALERT SUMMARY
WESTERN NORTH PACIFIC
ALERT SYSTEMS TOTAL
NUMBER WHICH BECAME NUMBERED

OF ALERT NUMBERED TROPICAL DEVELOPMENT
YEAR SYSTEMS TROPICAL CYCLONES CYCLONES RATE

1972 41 29 32 71%
1973 26 22 23 85%
1974 35 30 36 86%
1975 34 25 25
1976 34 25 25
1977 26 20 21
1978 32 27 32
1979 27 23 28
1980 37 28 28
1981 29 28 29
1982 36 26 28

(1972-1982)
AVERAGE 27.9
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TROPICAL STORM MAMIE (01)

Tropical Storm Mamie, the first tropical
cyclone of the season, developed from an area
of active convection which was first sighted
on 7 March, near 150E and just south of the
equator (Figure 3-01-1). During the next
five days, this convective area was observed
migrating northward as the near-eguatorial
trough set up south of 05N. By 12 March,
the convective organization was sufficient
to warrant discussion in the Significant
Tropical Weather Advisory (ABEH PGTW). On
14 March, the first satellite fix located
the developing disturbance approximately
104 nm (193 km) east-southeast of Truk Atoll
(WMO 91344). As the disturbance tracked
westward and was followed on satellite
imagery, the available synoptic data indi-

Figure 3-01-1,

Sateflite imageny skows an ared of

cated a relatively weak wind field with
surface pressures near normal (1010 mb).
However, because satellite imagery showed
continued convective organization, a recon-
naissance aircraft was sent on an investiga-
tive mission which proved to be very
enlightening. Upon receipt of observed
winds of 50 kt (26 m/sec) and evidence of a
closed circulation from the reconnaissance
data, the first warning on Tropical Storm

Mamie was issued immediately (1606002}.
Mamie's intensities up to that point can
only be extrapolated backwards; however,
further intensification was very slow with
the maximum intensity of 60 kt (31 m/sec)
reached shortly before making landfall on
Mindanao on 19 March.

convection south of the equator which migrated nonth-
warnd and eventually became associated with the
development of Tropical Stonm Mamie, 0704307 March

(NOAA 7 visual imageny).

From the first satellite fix to landfall
on Mindanao, Mamie tracked westward along
the southern periphery of a strong sub-
tropical ridge (Figure 3-01-2), During this
period, had it not been for satellite

surveillance, Mamie may well have gone
undetected until initial casualty reports
were received from Mindanao (approximately
40 persons dead and extensive property and
crop damage). Aside from winds received
from the reconnaissance aircraft missions,

19

no other surface observations were received
which indicated a well-organized circu-
lation. Even upon landfall, Mamie was not
detectable from the observations of local
reporting stations. -‘Fortunately, given
Mamie's track and compact circulation
(less than %0 nm (167 km)), both satellite
and aircraft reconnaissance platforms were
available and Mamie was tracked and moni-
tored despite the paucity of reporting
stations and ships in the Philippine Sea.



500 MB

CIRCULATION

(114

Figure 3-02-1. 500 mb stneamline analysis fonr
1500007 March superimposed on a mosaic from visual
satellite imagery. This figure depicts the steering
Aingluence of a strong subtropical nidge noath of
Tropical Stomnm Mamie. (1504367 and 1506187 Manch,
NOAA 7 visual imagenry).



On the second, and on subsequent recon-
naissance aircraft missions, the Aerial
Reconnaissance Weather Officers (ARWOs)
observed an eyewall which was restricted to
the lower levels. (Maximum observed height
of the eyewall was near 10,000 ft (3048 m}).
Due to Mamie's compactness and increasing
vertical wind shear in the mid- and upper-
tropospheric levels, the eyewall did not
fully develop and extend to heights that
could be observed on satellite imagery.
This failure to develop in the vertical
contributed to Mamie not reaching typhoon
strength.

21

After tracking across the northern
portion of Mindanao, Mamie entered the Sulu
Sea with winds of 40 kt (21 m/sec) and was
unable to reintensify despite surface condi-
tions which were generally favorable for
reintensification. On 21 March, as Mamie
reached the South China Sea, a weakness in
the subtropical ridge allowed a more north-
westward track which was maintained until
approximately 230000Z, when the ridge
strengthened and Mamie resumed a westward
movement. At 241200Z, Mamie made final
landfall near Nha Trang, Vietnam and then
dissipated in the mountainous region to the
west.
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TYPHOON NELSON (02)

Typhoon Nelson was the second of three
early season tropical cyclones in the west-
ern North Pacific which formed at very low
latitudes southeast of Guam. Nelson,
similar to Mamie (01), was a well-behaved
tropical cyclone which developed and
tracked westward, south of a strong mid-
tropospheric ridge (centered near 15N
150E and extending west-northwest toward
Taiwan) .

In the initial stages of development,
Nelson intensified rapidly from a weak
tropical disturbance to a full-fledged
tropical storm. In fact, the Tropical
Cyclone Formation Alert, which was issued
just 10 hours before the first warning, was
vreceded and followed by satellite fixes
(1809002 and 1818002Z) which described very
little convective organization. However, at
1906152, a reconnaissance aircraft reported
flight level (1500 ft (457 m)) winds of 66
kt (34 m/sec), surface winds of 50 kt (26
m/sec), and an extrapolated sea level
pressure of 993 mb.

10"

125"

Nelson's rapid development was in
response to a very strong divergence field
in the upper-troposphere located over the
cyclone, where a 40 to 60 kt (21 to 31 m/sec)
easterly jet branched to the northwest and
southwest. However, while these strong
easterlies remained near Nelson, further
development was limited to minimal typhoon
strength. During this entire period, Nelson
moved rapidly westward at speeds reaching
18 kt (33 km/hr) on 22 April, after which a
gradual slowing in forward speeds and fur-
ther intensification followed, After main-
taining intensities between 60 and 70 kt
(31 to 36 m/sec} for 60 hours, a change in
the upper air patterns allowed Nelson to
deepen rapidly, reaching 100 kt (51 m/sec)
within 24 hours.

At 2312002, while Nelson was moving

- away from the westernmost extent of the

upper—tropospheric ridge (Figure 3-02-1),
nearby westerlies aloft provided a strong
outflow channel to the north and northeast.

135° us*

TP

s S

s 120" 128

Figure 3-02-7.

200 mb analysis at 2312002 March.

Note Typhoon Nelson's position just west of the
wedternmodl portion of the nidge and the presence of
a westerly current seven degrees north which will
provide a good outflow channel.
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Figune 3-02-2.
Within 12 houns an appreciable change in the upper-
roposphenic Levels has allowed the fonmation of an
anticyclone aloft and the beginning of the good
outflow channel into the wesfertfies.

As this occurred, an upper-level anticyclone
was established (Figure 3-02-2) and intensi-
fied over Nelson; concurrently, Nelson

responded and reached a maximum intensity of

105 kt (54 m/sec) at 2512002z (Figure 3-02-3).

On 27 March, a much weakened Tropical
Storm Nelson entered the South China Sea
after navigating through the south-central
Philippines. On 28 March, Nelson briefly
reintensified before weakening under the
influence of vertical wind shear. Until

24

200 mb analysis at 2400007 March,

291200Z, the presence of a 500 mb short wave

‘trough north of Nelson provided a favorable

opportunity for recurvature toward the
northeast. However, Nelson was quickly
sheared and the low-level center meandered
westward and eventually dissipated four days
later. The fifty-third and final warning
was issued at 0100002 April for Tropical
Depression 02 (Nelson), approximately 240 nm
(444 km) east of Nha Trang, Vietnam, near to
the location where Tropical Storm Mamie (01)
had made landfall one week earlier.
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Figure 3-02-3, Typhoon Nelson nean peak intensity,
east of the Philippines. Note the anticyclonic flow
aloft and the well-formed outdlow channel to the
nonth, 2506017 March. (NOAA 7 visual satelite

Amagery}
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TYPHOON ODESSA (03)

March is normally a relatively guiet
month in the tropical western North Pacific,
producing on the average less than one
tropical cyclone per year. March 1982 was
‘quite the contrary, with the genesis of
three tropical cyclones taking place within
a period of 13 days; 1967 was the most
recent year with more than one tropical
cyclone during March, Typhoon Nelson (02)
and the subject of this report, Typhoon
Odessa represent only the fifth and sixth
typhoons to occur in March since the JIWC
was established in 1959.

Just as March was a unique month in the
level of tropical cyclone activity, Odessa
was unique among the three tropical cyclones.
As illustrated in Figure 3-03-1, tropical
cyclones which develop near 160E tend to
follow one of two climatclogical tracks:

60 percent move in a generally westward
direction and 40 percent move in a generally
northward direction. Although both Tropical
Storm Mamie (01) and Typhoon Nelson (02)
moved westward from this genesis area,
Odessa's track defied climatology as it moved
both eastward and westward across the area
shown for northward-moving tropical cyclones.

Figune 3-03-1. March Typhoon CRimatofogy Tracks
(70 Speciat Study 105-§ March 1970)

27

.near 2N 159E on 26 March.

Typhoon Odessa was initially detected
as an area of loosely organized convection
In the following
three days, a cloud system center emerged
from these low-latitudes and moved north-
westward. A Tropical Cyclone Formation Alert
was issued at 2904002 upon receipt of
reconnaissance aircraft data which indicated
that a closed circulation had developed. As
subsequent aircraft data and satellite imagery
became available, it was evident that the
circulation had rapidly organized and thus,
at 290741Z, the initial warning was issued
for Odessa with maximum surface winds of
35 kt (18 m/sec)

Much of the remaining discussion will
concentrate on the meteorological factors
which influenced Odessa's atypical track.
To facilitate this discussion, Odessa's best
track has been divided into four segments
(Figure 3-03-2) representing the different
track directions of the tropical cyclone.
BEach of these segments can be explained
guite well in post-analysis when large-
scale changes in the mid-latitudes at
distances 600 to 1200 nm (1111l km to
2222 km) from Odessa are considered.
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Figure 3-03-2. Typhoon Odessa's best track
ilRusinating the foun segments of Odessa's
track as discussed in the text.



Odessa's initial movement to the north-
west was in response to a weakening of the
subtropical ridge northeast of Guam and the
rapid cyclogenesis which was occurring
southeast of Japan. The first three fore-
casts described a short-term northwestward
movement followed by a more pronounced west-
ward track. However, the continued deteri-
oration of the subtropical ridge, north of
Odessa, essentially removed any easterly
steering current capable of driving Odessa
westward. During the same period, a major
high pressure system moved southeastward
from Japan and strengthened the low-level
northeasterly wind regime west of Odessa.
Conventional surface data, at 3000002,
show this ridging extended deep into the
tropics and created an effective block
to any continued northwestward advance by
Odessa (Figure 3-03-3). At mid-tropospheric

levels, rawinsonde data from Trak (WMO 91334),
Ponape (WMO 91348) and Kwajalein (WMO 91366)
indicated that the base of a mid-latitude
trough extended well into the tropics and
south of Odessa. Although the axis of this
trough was located well northeast of Odessa,
between 160E and 1l65E (500 mb), its influence
on Odessa's movement became obvious in the
days that followed.

On 30 and 31 March, as Odessa tracked
eastward at 10 to 11 kt (19 to 20 km/hr),
the mid-~latitude trough advanced more rapidly
eastward and was located near 170E at
310000%Z. Odessa, now 400 nm (741 km) west
of the trough axis, began to slow and
eventually turn toward the north. As Odessa
approached 10N, it turned west-northwestward
in response to a weak subtropical ridge
f£illing in behind the mid-latitude trough
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Figure 3-03-3.

The 3000007 March 1982 sunface/

gradient Level wind data and streamline analysis.

Wind speeds are 4in knots.
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(which had stalled near 175E). To this
point, Odessa had maintained an intensity
near 50 kt (26 m/sec) as westerlies restricted
the development of the cyclone's circulation.
With the subtropical ridge in place, Odessa
was able to develop a closed circulation

in the mid-tropospheric levels and a
noticeable intensification trend began which
culminated with a peak intensity of 75 kt

(39 m/sec) at 030000%Z (Figure 3-03-4 shows
Odessa just prior to reaching typhoon
strength) .

Just as Odessa reached maximum
intensity, the last major directional change

e 2 . VN

Figure 3-03-4. Tnopical Stonm Odessa, approximately

commenced.
a break in the subtropical ridge, along
158E. Forecasts described a track northward
around the ridge axis and then northeastward
toward Wake Island. However, strong mid-
and upper-level southerly winds moved over
Odessa and a rapid shearing of the major
convective features to the northeast
followed. At 030800Z, a reconnaissance
aircraft located Odessa's low-level circu-
lation center 90 nm (167 km) southwest of
the closest convective activity. During the
24 hours that followed, Odessa weakened
rapidly and was no longer detectable from
satellite imagery after 0406007Z.

&

18 howws prion to neaching maximum intensity. At
this time, Odessa was approximately 90 nm (167 km)
west of Enewetak Atolf with maximum winds of 60 kt
{31 m/sec). Note the eirrus strneamens to the south,
these oniginated grnom TC 17-82 (Bernie) in the

Southenn Hemisphere.

Later, near 0300002, Beandie's

expansive development would increase the southerly
winds moving toward Odessa and aid in the sheawring
process which Led to Odessa’s dissipation. 0204257
Aprill (NOAA 7 visual imagerny).

On 3 April, Odessa was approaching
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TYPHOON PAT (04)

The transition from the winter to the
summer monsoon re§ime over the tropical
western North Pacific can vary greatly
from year to year. During this transition
time (March through May), tropical cyclone
activity can be very strong (six in 1980)
or moderate {three in 19%81). In May, 1982,
there were several disturbances that
developed in the near-equatorial trough
and then dissipated without producing a
significant tropical cyclone. During the
third week of May, Typhoon Pat developed
and became the only disturbance to reach
warning status in the region between early
April (Typhoon Odessa (03)) and late June
(Typhoon Ruby (05)).

The disturbance that eventually
produced Typhoon Pat was first detected
as a mid-level circulation southwest of
Guam. The 1400002 May 500 mb streamline
analysis depicted a cyclonic circulation
center near 8N 143E. Coincident with the
analysis, satellite imagery indicated an
area of centralized convection associated
with the circulation. A Tropical Cyclone
Formation Alert (TCFA) was issued at
1403052 when evidence of a strong upper-level

imagery. Aircraft reconnaissance at 1406002
reported no evidence of a surface circulation
but did observe an area of strong low-level
convergence near the convective disturbance.

It wasn't until the disturbance began
moving out of the near-equatorial trough
that a low-level circulation could be located
by reconnaissance aircraft. On 17 May,
another aircraft investigation located
a closed circulation at 1500 £t (472 m) but
surface winds were too light to determine
a surface circulation center. The first
warning on Pat, as Tropical Depression 04,
was issued at 1706007 when sustained
increased convective organization was
observed on satellite imagery.

The forecast movement for the first six
warnings projected Pat to move westward with
passage over the Philippines, south of Luzon.
This scenario was based on the existence of a
mid-level (500 mb) ridge centered over the
western portion of the South China Sea which
was forecast to build eastward thus blocking
northward movement of Typhoon Pat. During
the ensuing 24-hour period, little change was
evident in the mid-level ridge north and

circulation center was noticed on satellite northwest of Pat (Figure 3-04-1). The
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Figutre 3-04-1. 500 mb streamline analysis at 1812002

Moy which shows Pat just south of an apparent weakness
There had been no
appreciable height - fall changes over a 24-houn period
when Pat suddenty changed from a westward-moving 1o
nonthwand-moving {ropiecal cyclone.

in the subtropical ridge.
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expected building of the ridge had not
materialized; yet until 18 May, Pat persisted
on its westward track. Then abruptly at
180600z, Pat turned northward and paralleled
the eastern portion of the Philippines for
two days. Aircraft reconnaissance data at
1809402 provided the first indication of a
possible track change, which was later
confirmed by satellite fixes from Detachment
1, 1WW, Nimitz Hill, Guam and radar fixes
from Cataduanes Island (WMO 98447). At
190000Z, upon evaluation of the fix data and
a reevaluation of the westward track forecast
scenario, JTWC changed the forecast track
northward and toward eventual recurvature.
From that point forward, Pat presented no
further track forecasting problems.

Shortly after turning northward, Pat
began to rapidly intensify, aided by a
200 mb wind maximum that had moved north of
Pat and had enhanced outflow channels to the
northeast. At 211200Z, Typhoon Pat reached
its maximum intensity of 105 kt (54 m/sec)
(Figure 3-04~2). This rapid intensification
was not fully anticipated as Pat was forecast
to only attain minimal typhoon strength. ’
When aircraft reconnaissance data at 1922332
reported 95 kt (49 m/sec) surface winds,
this new information was factored into the

next forecast which then called for Pat to
attain maximum intensity within the ensuing

12 to 18 hours. Fortunately, Pat's increased
intensity did not bring any destructive winds
to the Philippines, previously hit by Tropical
Storm Mamie (01) and Typhoon Nelson (02),
despite approaches as close as 90 nm

(167 km) to Cataduanes Island and eastern
Luzon,

As Typhoon Pat approached 20N, a track
toward the neortheast became increasingly
favorable. In recurvature, Pat began to
accelerate in response to increasing mid-
and upper-level westerly steering currents.

A new method for forecasting the acceleration
of northward-moving tropical cyclones,
developed by JTWC personnel during the past
year, was used to predict the point of
initial acceleration as well as the rate of
acceleration; Typhoon Acceleration Prediction
Technigque (TAPT) (Weir, 1982), utilizes 200 mb
analysis data to determine possible future
acceleration. First used on the 1912002
analysis data, TAPT accurately predicted
acceleration to begin near 19N and gave
excellent guidance on the speed of movement
to 24N, where Pat slowed its forward speed
and weakened from the effects of vertical
wind shear on the system's organization.

Féguwie 3-04-2.
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Typhoon Pat near maximum intensity
of 105 kt (54 m/sec), 150 nm (278 km) east of
Luzon, 2006417 May (NOAA 7 visual {mageny).



On 22 May, as Typhoon Pat approached
241, a weak frontal system (associated with
an extratropical low east of Japan) was
moving toward Pat and the first indications
of Pat's eventual transition to an extra-
tropical low were observed., Since 2116002,
there had been a marked decrease in Pat's
deep-layer convection; additionally, aircraft
reconnaissance data at 2209552 indicated that
the central sea level pressure had risen to
988 mb. Although observed winds were still
near typhoon strength, the maximum winds were
observed at distances much further from the
center than in previous missions. These
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expanding wind radii are frequently associated
with tropical cyclones undergoing extratropical
transition as the cyclone's energy source
changes from latent heat release to a more
baroclinic process. By 221200Z, synoptic data
gave evidence of the incursion of cool, dry

air into Pat's center and satellite imagery
showed the system merging into a weak frontal
boundary. Transition to an extratropical low
was completed by 2300007 and this low gradually
dissipated during the subseguent 24 hours as

it was drawn into a stronger extrakropical
systnm, east of Japan.
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TYPHOON RUBY (05)

Typhoon Ruby developed from a convective
disturbance which was initially detected
southeast of Guam on 18 June. During the
first ten days of Ruby's development, its
track and eventual extratropical transition
were dramatically affected by several events
which can be traced to fairly rapid changes
in the upper-troposphere. These events will

be discussed individually as they occurred
during Ruby's lifespan; however, collectively,
they illustrate the need for a better under-
standing of the upper-troposphere and its
effects on subsequent tropical cyclone
developrent ard movement.

Satellite imagery, on 18 June, located
a weak convective disturbance 320 nm (593 km)
southeast of Guam. During the next 24 hours,
this disturbance was observed tracking west-
ward to near 145E where it weakened signifi-
cantly while an upper-level anticyclone,
previously supporting the convection,
receded to a position east of 150E. On 20
June, a cloud cluster developed near 9N
141E and continued moving westward, south
of Ulithi Atoll (WMO 91203). A Tropical
Cyclone Formation Alert was issued upon
receipt of Ulithi's 2006002 surface observa-
tion which reported a six-hour pressure fall
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Figune 3-05-1.
analysis.

feature.

2100002 June 1982, 200 mb strneamline
Ruby, positioned within a divengent .
southerly §low, was maintaining a central convective

To the nonth, a broad nontherly §Low was

beginning to influence the near-stomm environment.

Wind speeds are in hnots,
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of 5 mb to 1004 mb, and a windshift from
030 degrees at 20 kt (10 m/sec) to 100
degrees at 25 kt (13 m/sec).

During the next 42 hours, satellite
imagery and synoptic data indicated very
little westward movement, with the system
moving erratically between Yap and Ulithi.

At 2023392, the first aircraft reconnaissance
mission into the system located a well-
defined, very compact, 995 mb circulation
center 45 nm (83 km) west-southwest of Ulithi.
Based on these data, the first warning was
issued for Tropical Storm Ruby at 210000Z
with a forecast track toward the west-
northwest. This forecast track was based

on a very close agreement in most objective
forecast aids. In fact, only the 700 mb

and 850 mb steering aids, which indicated
south-eastward low-level steering, did not
‘support this initial forecast movement.

120° 128" 130° 135°

The apparent conflict between low-level and
mid-level steering was seen as a reason for
Ruby's erratic movement; but at that point,
the long-term potential for a west-northwest-
ward track looked good. At 210830Z, an
aircraft fix located Ruby 35 nm (65 km)

scuth of Ulithi; this fix was in good agree-
ment with Ulithi's 2106002 observation.
Unfortunately, the 210600Z observation would
be the last received from Ulithi for 24 hours.
During the next 18 hours, fix positions from
infrared satellite imagery showed Ruby moving
northward, then northwestward, passing over
Ulithi. Without sufficient synoptic data to
the contrary, the next few warnings followed
these satellite positions and maintained the
forecast track toward the west-northwest.

However, on this first day in warning
status, the upper-level wind regime near Ruby
was changing. As depicted in Figure 3-05-~1,

145" 150° 155° 16C° "

b

T

@
KDSRAL

]
130° 135*
Figure 3-05-2.
analysis.

2200007 June 1982, 200 mb streamline
Considerable change has oceurred in a

24-houn period. The nontherly winds have penetrated
to 10N, where the base of an upper-Level trough

formed.

Codncident with this trhough, a maximum cloud

zone developed over the anrea south of Ruby's
position and near-gale fornce winds wene observed
over a broad area at the sundace and gradient
Levels nean the upper-Level trough/maximum coud

zone.
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_the 200 mb winds at 210000Z were strongly
divergent over Ruby but a broad mid-latitude
trough, south of Japan, was introducing a
significant northerly flow into the region.
By 220000z, the 200 mb winds (see Figure
3-05-2) had changed and an upper-level trough
had set up south of 10N, and south of Ruby.
While this process was underway, the objective
forecast aids - especially the tropical
cyclone models - were predicting a return
to a westward track while analyses data were
indicating a strengthening of the monsocon
flcw, located southeast and southwest of
Ruby. When the first visual satellite
imagery became available on 22 July, a
low-level circulation center was seen
embedded in a maximum cloud zone which had
developed over the monscon flow. This
circulation, presumed to be Ruby, was located
near 11N 142E, or more than 200 nm (370 km)
from the 210000z warning position. The
220000Z warning was immediately amended and
a forecast track to the northeast, toward
Guam, was issued. Interestingly, this
amended warning had an exact 24-hour fore-
cast position and only a 57 nm (106 km}
error at 48-hours; but more importantly,

a similar set of forecast errors could have
been produced as early as 2106002 if the
development of an upper-level trough and
associated surge in the southwest monsoon

could have been predicted from the 2100002
upper-wind flow analysis. This northeastward
movement has become a familiar pattern in
years past when developing tropical cyclones
become involved with an intensifying south-
west monsoon. For recent examples, refer to
past ATCRs describing Tropical Depression
16/Typhoon Orchid (1980), Tropical Storxrm
Thelma/Typhoon Vernon (1980), Tropical
Depression 11/Tropical Storm Phyllis (1981),
and Typhoon Gay (1981).

As Ruby moved northeastward toward Guam,
its intensity remained near 35 kt (18 m/sec).
During this period, much of Ruby's circulation
pattern was involved with the monsoonal flow
and the strongest winds were observed within
the maximum cloud zone associated with this
flow. Not until 23 June, when Ruby turned
northward and became a separate entity from
this maximum cloud zone, did its surface pres-
sures fall and intensity increase.

Although the best track might suggest a
rather steady increase in both Ruby's
intensity and speed of movement from 23
through 25 June, these days were marked by
often conflicting fix data. For example, the
2404452 visual satellite imagery (refer to
Figure 3-05-3) indicated an exposed low-level
circulation center near 19N 142E, while a

Figure 3-05-3.
Low-Level cinculation center Located in the nonthean
peripheny of the cloud system. This apparent

Low-Level center was Located welf-nornth of a aircragt

position neceived mone than 3 hours Latenr.

Visual satellite {magerny suggested a

2404452

June 1982 (NOAA 7 visual satellite imagery).
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reconnaissance aircraft surface/700 mb fix,
at 240809Z, found a center nearly 60 nm

(111 km) -to the south. On 25 June, the
250630Z and 250911z 700 mb aircraft fixes
were positioned in a way to suggest either
erratic movement or multiple circulation
centers. These phenomena have been observed
in other tropical cyclones which have emerged
from an active monsoon flow. Typhoon Orchid
(1980) had a sufficient amount of satellite,
aircraft and radar fixes to suggest a high
speed looping pattern over a 30-hour period.
Ruby's intensity during this period was
equally hard to determine. Intensity esti-
mates derived from visual satellite imagery
(Dvorak, 1973) and minimum sea level pres-
sures (Atkinson and Holliday, 1977) were
normally separated by 15 to 25 kt (8 to 13
m/sec), with the pressure consistently lower
than expected during this period. In post-
analysis, both the track and the intensity
trend have been smoothed by a careful
reevaluation of the data during this period.

As Ruby moved north-northwestward, the
potential for recurvature, significant
acceleration and extratropical transition
became increasingly important. Based on a
series of evaluations from the 2400002,
2412002 and 250000Z 200 mb charts, 24N was
consistently identified as the best latitude
for initial acceleration into the mid-
latitude westerlies (Typhoon Acceleration
Prediction Technique (Weir, 1982)). A
persistent and strong west-southwesterly

200 mb flow over Japan gave an indication
for the potential of recurvature toward the
northeast and, based on the mean latitudes
of recent mid-latitude low pressure systems
and ocean sea surface temperature fronts,
35N was deemed to be a favorable latitude
for extratropical transition. Figure

3-05-4 depicts the 251200Z 200 mb flow

with Typhoon Ruby near 24N. Within 18 hours,
Ruby had assumed a north-northeastward track
and accelerated to 23 kt (43 km/hr). The
2600002 200 mb analysis (Figure 3-05-5)
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showed a dramatic change in the upper-wind
pattern over Japan; 200 mb winds had
become south-southeasterly and thus,
signalled the potential for a more northward
track. However, visual satellite fixes
indicated a continuing tendency toward the
northeast and the northeast forecast track
was maintained. The 260602Z reconnaissance
aircraft fix located Ruby's low~level
circulation center 70 nm (130 km) west of
the 2606002 warning position and these data,
along with the 200 mb winds, dictated an
amended warning toward the north-northeast
and passing just east of northern Honshu.

A similar shift in the 200 mb flow also
occurred with Tvphoon Thad (August, 1981)

and as Ruby approached the mid-latitude
westerlies, the potential for such a

shift was being closely monitored. Unlike
Thad, Ruby quickly transitioned to an
extratropical low and this movement and
upper-wind shift may have been associated
with that process more than any larage-scale
changes in the upper-troposphere.

The final tropical cyclone warning for
Ruby was issued at 2700002, after the
2621497 aircraft fix data indicated a cold
core low was present at 700 mb. As an
extratropical low, Ruby continued to move
toward the north and rapidly occluded,
becoming nearly stationary east of Hokkaido
for several days thereafter.
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Figure 3-05-5. 2600007 June 1982, streamline
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TROPICAL STORM TESS (06)

The Tropical Storm Tess had its origins
and much of its life cycle linked to a strong
southwest monsoonal flow which was established
over the South China Sea in late June. While
low surface pressures and gale force winds
generally prevailed over a majority of the
region, a disturbance could not be detected
until 27 June, when synoptic reports indicated
the development of a weak low-level circu-
lation. At the point of initial detection,
the nearest area of significant convection
was located more than 200 nm (370 km) to the
northwest of the circulation. B2 Tropical
Cyclone Formation Alert was issued at
2723302 when it had become apparent that a
zone of lower surface pressures (<1002 mb)
was aligning itself in close proximity to
the disturbance.

During the subsequent 24-hour period,
there was an increase in convective activity
within the formation alert area and satellite
imagery suggested an increase in convective
organization. Although still lacking evidence
of vertical alignment, the trends toward lower
surface pressures and increased convection

prompted the issuance of the initial warning
for Tropical Depression 06 at 290000Z.

From 28 to 30 June, Tropical Depression
J6 tracked northward without any further
evidence of convective organization. On 30
June, the depression turned east-northeastward
and paralleled the coast of China. During
this period, the southwest monsoon had abated
somewhat and several weak circulations
(eddies) became evident on satellite imagery
(Figure 3-06-1). However, as the system
passed south of Hong Kong, synoptic reports
indicated that near-gale and gale force
winds were present close to Tropical
Depression 06. Thus, on the 0100002 July
warning, Tropical Depression 06 was upgraded
to Tropical Storm Tess. Post-analysis of this
period indicates that Tess probably only
attained tropical storm strength for a
relatively short period (3012002 to 301800Z).

On 1 and 2 July, surface synoptic data
indicated a marked decrease in wind velocities
in the area and thereafter, the remants of
Tess gradually dissipated as it approached
the Formosa Strait.

Figure 3-06-1. Satellite imagery shows several
Low-Level eddies far nemoved from the central
convective mass. Fix positions supplied §rom
Detachment 5, 1WW, Claxk AB, RP {RPMK] and §rom
Detachment 1, W, Nimitz HilE, Guam (PGTW) differ
considerably in deteamining which eddy is the
developing Tnopical Stonm Tess. The final best
track position at §4ix time 4is shown as BT. 3006567 -
June (NOAA 7 visual imagenry)
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TROPICAL STORMS SKIP (7) AND VAL (B)

Each tropical cyclone season sees a few
circulations devélop near the mid-latitudes
which appear to have both tropical and
extratropical characteristics. These
"hybrid" or "subtropical” cyclones have long
been known to the tropical forecaster. In
particular, an article by Herbert and Poteat
(1975) describes several distinguishing
characteristics that allow differentiation
between tropical and subtropical systems
based upon satellite imagery (Table 3-07-1).
The week between 23 June and 5 July saw
two such circulations, Tropical Storms Skip
and Val, develop southeast of Taiwan. During
their existence each of these relatively
small and compact systems were observed
to have several characteristics associated
with non-tropical cyclones, e.g. very little
deep-layer convection near the surface
center, displacement of convective features
poleward and eastward of the system center,
and each remained entirely enveloped within
a larger cloud system associated with the
mid-latitude westerlies. Conversely, both
aircraft and satellite reconnaissance data
indicated some typical tropical character-
istics, i.e. a sharp pressure gradient near
the center, surface winds in excess of 45 kt
(23 m/sec), warm central temperatures, and a
small but uniquely tropical upper-level
anticyclonic outflow pattern.

The origin of the first circulation,
Tropical Storm Skip, was more tropical in
nature. The disturbance was first detected
near 20N 124E on 26 June when surface

TABLE 3-07-1.

A. DETERMINING TYPE

1. Main convection
2. Cloud system size

3. Interaction with
environment

SUBTROPICAL

width 15° latitude
Oor more

Convective cloud
system remains

synoptic data indicated the presence of

a circulation that was subsequently apparent
as an exposed low-level circulation on
satellite imagery. Syvnoptically, a sharp
trough existed between this area and Typhoon
Ruby (05), which was in its initial phases of
extratropical transition near 30N 130E.
Although satellite imagery indicated that
frontogenesis had begun, it is unclear from
the available data just how far south along
the trough the front could be identified.

To the west, an active monsoon trough, which
was soon to spawn Tropical Storm Tess (06) in
the South China Sea, had also begun to push
into the area. During the next three days,
winds in excess of 15 to 20 kt (8 to 10 m/sec)
could be detected in the monsoon flow south
of the circulation; however, very little
organized convection could be detected near
the vortex. In the upper-troposphere,
westerlies penetrated as far south as 25N

(at 500 mb) and 20N (at 200 mb) as the

result of deep troughing behind the now
extratropical Ruby. By 29 June the 200 mb
flow began to ridge strongly along the

trough boundary and 60 to 70 kt (31 to 36
m/sec) westerly winds to the north were soon
accompanied by 65 kt (33 m/sec) northeasterly
winds south of the trough. This resulted in
an extensive cloud band more than 500 nm

(926 km) wide along this entire region. A
Tropical Cyclone Formation Alert (TCFA) was
issued at 2905002 when a small upper-level
anticyclone appeared to be developing in the
vicinity of the low-level circulation (Figure
3-07-1).

SUBTROPICAL AND TROPICAL CYCLONES

TROPICAL

Poleward & eastward Equatorward & eastward
from center

from center

Width usually less than
10° latitude

Cloud system becomes
isolated

connected to other
synoptic systems
(Some cold lows

excepted)

DETERMINING ORIGIN

1. Frontal band - typical cloud structure

2. East of upper trough - amorphous convective cloud mass

3. Cold low -~ circular cloud pattern with limited convection near center

(From Herbert and Poteat, 1975)
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Figure 3-07-1. A developing Low-fevel cireulation
can be detected within the congines of a broad

Large-scale cloud pattenn.

Weak uppen-Level

outflow can be detected at 2905267 June

{NOAA 7 visual imagery).

An aircraft investigative mission on
30 June located a 991 mb center with surface
winds of 45 kt (23 m/sec), prompting the
first warning to be issued at 3000002Z.
During the next 36 hours, Skip moved guickly
northeastward along the frontal trough,
averaging over 24 kt (44 km/hr), however its
convection remained weak and generally
restricted to within 120 nm (222 km) of its
northern and eastern sides (Figure 3-07-2).
Throughout Skip's lifetime, the Aerial

Reconnaissance Weather Officers (ARWOs)
consistently reported very little convection
near the center, rather large light and
variable wind centers, and an abundance of
stratocumulus entrainment. By 0116002 July,
all convection had dissipated from the
vicinity of Skip's center and the upper-
level anticyclone was no longer visible,
indicating that the storm had completed its
extratropical transition.

“’.—“

Figure 3-07-2, Tnopical Storm Ship's exposed Low-
Level cinculation can be seen at 3005147 June o
the south and west of its maforn convective area.
Note the extent of stratocumubus to the nonth of
this system. [NOAA 7 visual imagery).



* As Skip was moving rapidly toward the
northeast, a new circulation could be
identified from 1 July synoptic data, just
east of Taiwan., At this time, the frontal
trough ran westward from Skip into the
vicinity of northern Taiwan. Upper-level
westerlies prevailed throughout the region
although sharp ridging south of the 200 mb
jet still maintained the large band of clouds.
Isolated convection was present throughout
this cloud mass, although none could be
identified with the low-level circulation as
it remained guasistationary. However,
aircraft reconnaissance at 020115z did
identify a 995 mb center with winds up to
35 kt (18 m/sec) in the flow south of the
circulation, thus a TCFA was issued.
Convection finally began to develop near
the circulation's center by 021200Z and,
when the next aircraft mission found that the
circulation had moved eastward and deepened
to 987 mb, the first warning was issued at
0300002. As was the case for Tropical Storm
Skip, Val moved quickly northeastward along
the trough, averaging over 26 kt (46 km/hr).
Also like Skip, convection remained weakly
organized and restricted to within 100 to
200 nm (185 to 370 km) of the system's center
(mostly on the northern and eastern sides).
As can be seen in Figure 3~-07-3, Val still
displayed its own individual outflow pattern
despite being embedded within the larger cloud
mass., By 040000Z, val had lost all of its
convection and could no longer be idéntified
on satellite imagery as it completely merged
into the frontal zone.
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Both Tropical Storms Skip and Vval
contained many of the characteristics of sub-
tropical cyclones identified in Table 3-07-1.
Although monsoonal flow probably helped
initiate Skip's low-level vortex, its further
development and propagation can more likely
be attributed to its position in relation
to the eastern side of the upper trough.

This is especially true of Val which formed
farther north. Convection for both storms
remained weak and unorganized and, partially

due to strong westerly vertical shear, the

low-level centers were often exposed with
convection remaining poleward and eastward.
Figures 3-07-2 and 3-07-3 show that each
system did eventually become partially
isolated from the dominance of the mid-
latitude westerlies and displayed their own
anticyclonic outflow vattern.

Re-analysis of synoptic and satellite
data revealed that Skip and Val were not the
only circulations to develop during this
unigue period. At 300000z, Skip (located
near 24N 137E) could be seen flanked by
circulations (or frontal waves) at 34N
153E, 31N 143E and 20N 125E. Similar
conditions occurred for Tropical Storm Val
as well. On the synoptic-scale each was
only a small part of an extensive mass of
clouds along the eastern boundary of a
very active mid-latitude upper-level trough.



Figutre 3-07-3. Tropical Stonm Val's unorganized
convection and outflow pattern can be seen with
nespect to Langen frontal cloud mass pattern at
0317237 July. [(NOAA 7 infrared imagery).

47



117

Nl

e S

WINONA
BEST TRACK TC-09

TROPICAL STORM

12 JUL-17 JUL 1982

: MAX SFC WIND  55KTS
“+—+—  MINIMUM SLP 985 MBS

S

PR } }

|
]

t ¥

LEGEND

H--+ 06 HOUR BEST TRACK POSIT

A SPEED OF MOVEMENT

B INTENSITY

C POSITION AT XX/0000Z
sos TROPICAL DISTURBANCE
ees TROPICAL DEPRESSION
— — TROPICAL STORM
~— TYPHOON

@ SUPER TYPHOON START
<> SUPER TYPHOON END
+¢o EXTRATROPICAL

+++ DISSIPATING STAGE

Y FIRST WARNING 1SSUED
7 LAST WARNING ISSUED

+ . I
140° 145° 150°
1 1 } 1 1 1
T T 1 T T T Ll T T
pomeepomep } }
sAlPAN
. R P Lood .
p
GUAM
R -4 -4 a4
e
o
- YAP - 4 % . . . .
o
Q
Oco
@
I WOLEAI B " TRUK
L . S P . - .
[ 1 I} 1 1 [l 1 1 1 1 1 1 1 1
T T T T Ll L T L T ¥ —



TROPICAL STORM WINONA (09)

Tropical Storm Winona exemplifies
tropnical cyclone development without
corresponding upper-level support. The
presence of strong upper-level winds is
often an inhibiting factor for significant
tropical cyclone development. Based on
JTWC's 200 mb synoptic data and streamline
analyses, a strong subtropical ridge centered
over central China was reinforcing strong
upper—~level winds over the Philippine Sea
and South China Sea (See Figure 3-09-1).

This situation persisted throughout Winona's
warning period. The presence of 35 to 45 kt
(17 to 23 m/sec) northeasterly winds in the
upper~troposphere over Winona prevented the
development of a strong anticyclonic outflow
pattern and was a major -factor in restricting
further development to typhoon strength.

ns° 120°

Wincona's entire intensification process
was slow. Between 10 and 12 July, three
Tropical Cyclone Formation Alerts (TCFA) were
issued as satellite imagery, synoptic and
reconnaissance aircraft data revealed a
persistent, but weak, disturbance moving
westward through a primary tropical cyclone
genesis region between Guam and the Republic
of the Philippines. Reconnaissance aircraft
investigative missions on the 10th and 11lth
found a weakly organized system with
minimum sea level pressures of 1008 mb.

At 121200z, synoptic data gave the first
indication that the disturbance was intensi-
fying as gradient-level winds reported by

Yap (WMO 91413) increased to 25 kt (13 m/sec).
Simultaneously, the 200 mb streamline analysis
indicated the development of a weak anti~

140°

&

e ns® 120 128°

Figure 3-09-1,

130° 135°

200 mb streambine analysis at

1512007 July. Strong upper-fevel nontheasterly winds
prevent the development of outflow channels to the

nonth,
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Figwte 3-09-2, TnOpLeae Stowm Winona at 55 ht (28 m/sec)
intensity, 400 nm (741 km) nonthwest of central Luzon.
Even at maximum {ntensity, Winona's uppern- and Lower~
Level centerns are not aligned due te the presence cf

strong upper-tropospheric winds.

visual imagery).

cyclone over the disturbance. This
information, combined with increasing
convection and organization (apparent on
satellite imagery), prompted the issuance of
the initial warning for Tropical Depression
09 at 121400zZ. Subsequent aircraft recon-
naissance at 1300362 confirmed JTWC's
suspicions of intensification when it was
reported that the minimum sea level pres-
sure had dropped to 1000 mb.

From the initial warning, JTWC forecasts
predicted that Winona would move into a region
of strong upper-level winds which would inhibit
its development. Thus, a maximum intensity
of 50 kt (26 m/sec) was forecast prior to
Winona's expected landfall upon central
Luzon. Winona's intensity and movement were
well-forecast during this period as it

-,

rmw/ v
(WINONA) )

Figure 3-09-3. Winona aﬁten being
trhopleal depression 210 nm {389 hm) wes t-southwest
of Hong Kong. Notice the persistent strong upper-
Level shear, 1706551 July (NOAA 7 visual imagery).

TE07077 (NOAA 7

proceeded west-northwestward along the southern
periphery of the subtropical ridge, centered
along 25N.

By 140600z, Winona reached the forecast
50 kt (26 m/sec) intensity which it main-
tained until landfall on Luzon at 1505002Z.
As Winona crossed central Luzon, it passed
35 nm (65 km) north of Clark AB, .where
maximum sustained winds recorded were 23 kt
(12 m/sec) with peak gusts to 30 kt (15 m/sec).
Reported damage to the surrounding region was
estimated at $275,000 with 272 families left
homeless as a result of severe flooding.

Winona entered the South China Sea as a
minimal tropical storm, but upon reaching open
waters, its convection increased and Winona
reintensified to a peak intensity of 55 kt

downgraded to a



(28 m/sec) at 1606002 (Figure 3-09-2). This
" intensification occurred even thaough 40 kt
(21 m/sec) 200 mb winds persisted over the
area,

extend into the mid-tropospheric levels.
situation allowed Winona's convection to
develop well into the mid-tropospheric levels
while the strong upper-level winds provided a
sufficient outflow channel to the southwest.

Winona was forecast to move northward
along the western periphery of the subtropi-
cal ridge upon entering the South China Sea.
However, a 500 mb synoptic track completed
by the 54th Weather Reconnaissance Squadron
at 1512002 showed that a second ridge had
developed east of Taiwan, resulting in a
steering flow over the South China Sea

However, based on limited 500 and 700 mb
data, it appears that the strong winds did not
This

51

toward the west-northwest. The 1518002

and subsequent forecasts reflected this new
information and projected Winona on a west-
northwestward track, with landfall expected
southwest of Hong Kong.

After reaching maximum intensity on
16 July, Winona weakened as wind shear in
the mid- and upper-layers increased. Winona
became an exposed low-level system as its
convective center was sheared to the south-
west early on 17 July. By 1706002, Winona
was downgraded to a tropical depression as
it passed 40 nm (74 km) north of Hai-Nan
Island (See Figure 3-09-3). Further
dissipation as a significant tropical
cyclone occurred as it moved toward the
China=-Vietnam coastline on 18 July.
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TYPHOON ANDY (10)

Andy formed,on the northern edge of a
zone of maximum cloudiness associated with
the monsoon trough south of Guam. Prior to
22 July, the low-level westerlies were well
established along 10N and extended eastward
to the dateline. Satellite imagery on 20
July showed this maximum cloud zone had
begun to segment. Within 24 hours the
cloudiness consolidated into three distinct
masses centered near 132E, 148BE and 168E.
Each cloud mass was poorly defined but had
rudimentary banding features. The cloud
system centers near 148E and 168E drifted
westward, intensified, and became Typhoon
Andy and Super Typhoon Bess (11) respectively.
The cloud mass near 132E drifted westward
and was disrupted by the combined effects
of the rugged terrain over the Philippines
and vertical wind shear from a tropical
upper-tropospheric trough (TUTT).

A Tropical Cyclone Formation Alert
(TCFA) was issued for the area south of Guam

at 211900z due to significant pressure falls
(to below 1004 mb), increased convection, and
convective organization. Aircraft reconnais-
sance at 2202292 located a small, tight
circulation center with a minimum sea level
pressure of 995 mb. These data, along with
observed winds of 35 to 40 kt (18 to 21 m/sec)
prompted the issuance of the first warning.
Although intensification was evident from

20 to 24 July on satellite imagery, the

cloud pattern remained poorly defined and the
circulation center was difficult to position
—-- except for a brief period on 23 July,

when the low-level center was visible on

the satellite imagery. Aircraft reconnais-
sance was an invaluable asset during this
period; no other reconnaissance platform

was capable of following the low-level

wind center, particularly since there was
considerable interest on Guam as the fix
data received implied an anticyclonic loop

35 nm (65 km) in diameter just 90 nm (167 km)
south of the island.

Figure 3-10-1. At 2405302 July Andy, shontly agfen
reaching typhoon stnength, is shown 125 wn (232 km)

west of Guam [see avrow).

During this time the

stnong south-westenly feteh south of Typhoon Andy
brought phenomenal surf to Guam, {NOAA 7 visual

imageny)



" While Andy was undergoing the loop south
of Guam, several meteorological factors were
influencing the synoptic situation. Rawinsonde
observations from Chichi Jima (WMO 47971) at
221200%Z and 230000Z revealed 500 mb height
falls of 10 to 20 meters. These falls
indicated a weakening of the subtropical
ridge north of Andy as well as a lessening
of the steering current, factors probably
accounting for Andy's lack of forward
movement. In addition, reconnaissance
aircraft consistently reported Andy's 700 mb
center 10 to 20 nm (19 to 37 km) south of the
surface center. This tilt, half of the
diameter of the loop, suggests that Andy's

actual movement during this period might
have been virtually nil, and may have been
more related to the fix accuracies and the
internal dynamics of the developing tropical
cyclone. However, for best track purposes,
this period is described well by the loop.

After completing the loop, Andy

accelerated to the northwest and intensified.

In Andy's wake, Guam experienced phenomenal

surf on exposed southern and western beaches
as a strong southwesterly fetch was brought

to bear on the island on 24 July (See Figure
3-10-1). Andy's northwestward track turned

abruptly toward the west as the cyclone

No232 ANDY (782 0728/ 00 &
FFAA 251 70 Y6499 wtzz.é//a-/é

Figure 3-10-2. Typhoon Andy as seen by nadarn from
Hua Lien {WMO 46699) at 2819002 July (Photoghaph
countesy of Central Weather Bureau, Taipel, Taiwan)
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-reached 18N on 25 July. This track change
occurred while reported 500 mb heights rose

at Chichi Jima, to the northeast of Andy.

From this point onward, Andy remained
equatorward of and parallelled the subtropical
ridge axis.

While Andy was tracking westward, upper-
level outflow channels to the east (south
of the TUTT axis) and to the southwest
(return flow from the monsoon over socutheast
Asia) provided a favorable enviromment for
intensification. At 2718002, Andy reached

55

a maximum intensity of 120 kt (62 m/sec).
Until making landfall upon the southern
portion of Taiwan on 29 July (See Figure
3-10-2), Andy's intensity remained over

100 kt (51 m/sec). Taiwan experienced
torrential rains from the typhoon's passage:
especially hard hit was the eastern coastal
area, where considerable damage from
flooding was reported. Weakened from
Taiwan's rugged terrain, Andy continued
westward, across the Formosa Strait, and
dissipated in the mountainous area of
southeastern China on 30 July,
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SUPER TYPHOON BESS (ll)

Bess formed at the eastern end of a
maximum cloud zone associated with the
monsoon trough anchored south of Guam.

By 21 July, this area of cloudiness had
separated into three masses near 132E,
148E, and 168E. The two easternmost cloud
masses continued to develop and became
Typhoon Andy (10) and Super Typhoon Bess.
The third area dissipated over the
Philippine Islands.

A Tropical Cyclone Formation Alert
was issued for an area near 11N 165E
at 2119002. Observations from Kwajalein
(WMO 91336) and Ailinglaplap (WMO 91367)
showed that sea level pressures had
continued to fall in the region, and satel-
lite imagery indicated increased convection
and organization in the cloud system.

The first warning, with maximum winds
of 30 kt (15 m/sec), was issued at 2218002
when the curvature of loosely organized
cloud bands into the central cloud mass
increased. Initial forecasts for Bess
indicated a track toward the northwest, in
response to an east-southeasterly flow at
low- and mid-levels. Reconnaissance
aircraft missions during the period 2222002
to 2322002 indicated that the surface and
700 mb centers were not well-aligned
vertically. Once this feature was eliminated,
Bess began to intensify and by 2418002,
it was upgraded to typhoon strength based
upon sfatellite imagery which indicated a 30 nm
(56 km) eye had developed.

Bess maintained its northwestward track
for the first 48 hours in warning status.
However, by 2418002 a noticeable decrease
in tihe speed of movement was observed as
Bess began to move toward the west-northwest.
This change in motion was thought to be the
result of westward building of the subtropical
ridge to the north. Consequently, the
forecast track was changed to a more westward
neading. Contrary to JTWC expectations, Bess
took a turn toward the southwest at 251200Z.
Subsequent analysis of satellite imagery
indicates that a short wave trough had
just passed to the north of the circulation.
The ennanced northwesterly. flow behind this

trough forced Bess toward the southwest.
During this period, Bess slowed to 5 kt

(9 km/hr) and completed a 20 nm (37 km)
diameter cyclonic loop, while its intensity
remained at 95 kt (49 m/sec). Further
intensification did not occur and Bess
remained on its southwestward track until
another short wave trough moved eastward
from Japan on 27 July. In response to

this trough, Bess took a noticeable turn
north-northwestward until 2806002 when Bess
began moving toward the northwest along

the southwestern extension of the subtropical
ridge. While moving northwestward, a rapid
intensification period began, culminating
in the attainment of super typhoon strength
and a peak intensity of 140 kt (72 m/sec)
at 2906002.

As Bess approached 25N, a decrease in
forward movement was observed; numerical
forecast fields and the JTWC 500 mb analysis
of 30 June indicated a weakness forming in
the subtropical ridge over the southern
islands of Japan which would allow Bess to
take a more northward track. As Bess
entered the south-southeasterly flow associ-
ated with the western periphery of the
subtropical ridge, interaction with the mid-
latitude westerlies was expected to occur
within 36 hours and Bess was forecast to
recurve along the southern coast of Japan.
Bess, however, maintained a northward track.
The Typhoon Acceleration Prediction Technique
TAPT (Weir, 1982) was employed, and
correctly forecast significant acceleration
conmencing near 28N. From this latitude,
Bess did begin to accelerate toward the
north and eventually merged with a low
pressure center in the Sea of Japan on
02 August.

Bess passed over the Araumi Peninsula
on central Honshu where extensive damage and
human suffering were reported. The greatest
damage was caused by torrential rainfall
which set off 1,557 landslides and flooded
over 27,000 homes, leaving 25,000 persons
homeless, and 59 dead. More than 25 ships
ran aground or were lost, over 100 bridges
were washed out, and nearly 300 acres
(741 hectares) of farmland were flooded.

Figure 3-11-1. Supen Typhoon Bess at maximum intens{ty.
2904302 August (NOAA 7 visual {mageny).



89

Y FIRST WARNING ISSUED
st LAST WARNING ISSUED

08127

10%° 1M10° 15° 120° 125° 130° 135° 148° 150° 155° 160°
L / { o !
- ' TYPHOON
o1 i ¥ A i
T CECIL
F—— = i — — BEST TRACK TC-12 e
T + + 05 AUG -14 AUG 1982 +
i | 1 MAX SFC WIND 125KTS = |
1 1 L MINIMUM SLP 914 MBS = |
—t—t t
. -1- .
1 D76 SPEED INTENSITY
- 05062 25
- 6 123 124 125 126 127
)_ \ e 05127 6 25 + + + + +23
SR 05187 5 30
——t }( (5 — }"’i 06007 6 35
LEGEND 06062 . 45 +22
06127 50 8
H-4 06 HOUR BEST TRACK POSIT 06187 2 ‘s
A SPEED OF MOVEMENT D) *05/062
B INTENSITY
C POSITION AT XX/0000Z 0700z 3 65 ?7 0\6..5. . +2
coa TROPICAL DISTURBANCE 07062 70 . e
+os TROPICAL DEPRESSION 07127 3 %0 Y t *1ed
~ — TROPICAL STORM 3 S\
—— TYPHOON
@ SUPER TYPHOON START 07182 3 110 NJ +20
<> SUPER TYPHOON END 0800Z 4 115
+ EXTRATROPICAL
‘-N-)- DISSIPATING STAGE 08062 6 120




‘TYPHOON CECIL (12)

The tropical disturbance which later
became Typhoon Cecil was first distinguish-
able as a low-level circulation about
250 nm (463 km) north of Truk (WMO 91334)
on 31 July. This disturbance persisted
as a closed circulation on the surface
streamline analyses and as an area of
enhanced convective activity on satellite
imagery that travelled westward along the
monsoon trough for the next four days.
Although mentioned in four consecutive
Significant Tropical Weather Advisories
(ABEH PGTW), a Tropical Cyclone Formation
Alert (TCFA) was not issued on the system

3 110 1s° 120°

during this period because a strong easterly
flow at upper-levels was expected to inhibit
development of the disturbance. Figure
3-12-1 is typical of the upper-~level (200 mb)
flow during this period. On 4 August,
increased convective activity was apparent
from satellite imagery, ship reports in the
area indicated that central pressures had
dropped to 1000-1003 mb and weakening of

the upper-level easterlies was indicated

by the 200 mb analysis data. When it became
‘evident that the disturbance had indeed
intensified, and that further intensification
was likely, a TCFA was issued at 0414002.

140" 45° 15C° 165° icleg

BRI

o
ENEWETAX
1 :

KOSKAI

1358° 140" 145 150° 155° 160°

Figure 3-12-1. 0300007 August 200 mb streamline
analysis. The Location of the surface circulation
is indicated by the dark circle.
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Figune 3-12-2. 0818382 August (NOAA 7 infrared

Amageny).

The first warning on Tropical Depression As Cecil approached Taiwan from the
12 was issued at 0506002 after an aircraft southeast, its track turned sharply northward
reconnaissance mission observed sustained until reaching 25N when Cecil once again
winds of 25 kt (13 m/sec) associated with the assumed a more northwestward track. Although
circulation. Tropical Depression 12 continued Cecil never approached closer than 80 nm
to track westward under the influence of (148 km) to Taiwan, heavy rains associated
easterly steering currents along the with its peripheral circulation touched
southern periphery of the subtropical off landslides which killed at least 19
ridge. Upgraded to tropical storm status people in Wu-Koo County, near Taipei.
on 6 August, Cecil turned southward,
slowed to 3 kt (6 km/hr), and then turned On 10 August, Cecil turned toward the
northwestward. From 6 to 8 August, Cecil north-northeast and the combined effects
intensified from 35 kt (18 m/sec) to 115 kt of colder ocean temperatures, vertical wind
(59 m/sec), reaching a peak intensity of shear, and copler surrounding air began to
125 kt (64 m/sec) at 081800z while located take their toll. Within three days after
120 nm (222 km) east of Taiwan (figures reaching maximum intensity, Cecil was
3-12-2 and 3-12-3). downgraded to a tropical storm.

Figure 3-12-3. Typhoon Cecil as seen by nadan
grom Hua Lien (WMO 46699) at 0819002 August
(Photograph courtesy of the Central Weather Bureau,
Taipei, Taiwan). -
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As a tropical storm, Cecil continued to
move northward in response to steering from
an extension of the subtropical ridge which
had built northward into the Sea of Japan.
The situation at 500 mb is illustrated by
the 101200Z August 500 mb streamline
analysis (Figure 3-12-4) which is typical
of the mid-level synoptic pattern during
Cecil's northward movement.
located near 38N

By 14 August, Cecil,

124E, was beyond the northward influence of
the subtropical ridge and entering an area
Cecil moved eastward in

of westerly flow.

response to its new environment and made
landfall on Korea with 35 kt (18 m/sec)
winds. Although, at this time, Cecil was a
weak storm in terms of wind intensity,

there was a great deal of precipitation
associated with the circulation. Heaviest
rains, 21.2 inches (55 cm), were recorded

in Sanchong, resulting in severe flooding
which left 35 dead, 28 missing, and 42
injured in addition to an estimated 30
million dollars in property damage. Cecil's
circulation was unable to reorganize after
crossing the Korean peninsula and dissipated
in the Sea of Japan on 15 August.
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‘Figune 3-12-4,
‘analysis.

130°

61
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10712002 August 500 mb streambine
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TYPHOON DOT (13)

The origins of Typhoon Dot can be
traced back to a weak surface circulation
located near Kwajelein (WMO 91366) on the
5th of August. Surface winds associated
with this circulation were 5 to 10 kt
(3 to 5 m/sec) and the minimum surface
pressure was 1008 mb. Over the next
two days, as the circulation drifted
northwestward, it remained fairly weak
with loosely organized convection and
light winds. On 8 August, a reconnaissance
aircraft mission into the area showed that
the circulation had maximum sustained
winds of 20 kt (10 m/sec) but that the
surface circulation was still very broad
with relatively unorganized convection.
However, satellite imagery and 200 mb data
indicated that an upper-level anticyclone
was present in the area, although not
vertically aligned with the surface center.
A Tropical Cyclone Formation Alert (TCFA)
was issued at 080500Z kased upon the
persistence of the system and the presence
of upper-level conditions that could lead
to intensification of the disturbance.

The initial warning on Tropical Depression
13 was issued at 090000Z when satellite
imagery indicated that the cloud pattern
associated with the developing depression
was becoming more organized along with
increased convective activity.

A reconnaissance aircraft mission at
0901182 observed surface winds of 35 kt
(18 m/sec) and an extrapolated minimum sea

——— P %

*.—.-';‘ m

level pressure of 1003 mb. Based on these
data, Tropical Depression 13 was upgraded

to Tropical Storm Dot at 0906002Z. During
this period, the subtropical ridge was

well established to the north of the system;
thus Dot was forecast to track westward

and to continue to intensify. Dot lived

up to these expectations, moving westward and
reaching typhoon strength on 11 August.
However, after reaching a maximum intensity
of 80 kt (41 m/sec), Dot began to weaken as
upper-level outflow channels became restricted
due to interaction with Typhoon Cecil (12)
located to the northwest. This interaction
is easily seen on satellite imagery (Figqure
3-13-1 shows the early stages of this
interaction); at this time, Cecil was located
northeast of Taiwan with maximum winds of

90 kt (46 m/sec) and Tropical Storm Dot, with
maximum sustained winds of 50 kt (26 m/sec),
was rapidly intensifying and would achieve
maximum sustained winds of 80 kt (41 m/sec)
on the following day. Although there was
some interference in the upper-level

outflow between the two cyclones, Dot's
outflow channels to the northeast and
southwest were well established. Figure
3-13-2 shows the relationship between the

two cyclones two and one-half days later,
Although the satellite pass was not optimally
located, features of interest are readily
observable, i.e., Dot's outflow channels to
the north were completely cut off by the
strong northeasterly winds associated with

" Cecil's outflow. The 200 mb analysis for

4s

Fiawne 3-13-1. Sateblite imagery shows Tiphoon
C:gll at the upper Left and Tropical Stoam Dot

at the Lowen night.
Angraned imagerny).

1005297 August {NOAA 7



Figure 3-13-2. Satellite imagery shows Tropical
Stonm Cecdl at the uppen Left and Trnopical
Storm Dot at the Lowen Left. 1217507 August
(NOAA 7 ingrarned imageny).

TS5 CECiL

this period (Figure 3-13-3) shows that flow
was unidirectional over Dot, with no
indication of an anticyclone at that level.

As the distance between Cecil and Dot

increased over the next few days, Dot
regained intensity, reaching maximum
sustained winds of 60 kt (31 m/sec) on
the 13th. Figure 3-13-4 shows the relation- ’
ship between Dot's intensity and the
separation between the two cyclones.
The data indicate a correlation between
separation and Dot's intensity once the
separation distance fell below 1000 nm
{1852 km) .

NPttt —t—— +—+ P17

PALAV IS

o P ns* 20° o ns o “ase
Figure 3-13-3. 1212002 200 mb analysis with

surface position of Tropical Stomms Cecilf and
Dot superimposed.
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Figure 3-13-4. Vaniation in intensity as a
function of time and separation between Dot
and Cecil.

As Dot continued westward along the Taiwan was rapid, the rugged topography
southern periphery of the subtropical ridge, of the island had a devastating effect on
several forecasts were issued indicating Dot's low-level circulation. Figure 3-13-5
Dot would follow Cecil and turn toward the shows Dot as a well-organized tropical
north prior to reaching Taiwan. However, storm with maximum sustained winds of
the subtropical ridge was reestablished in 60 kt (31 m/sec) prior to landfall. Figure
the region to the north of Taiwan after 3~13-6 shows Dot 12 hours later in the
Cecil's passage; subsiding air between the Formosa Strait, barely distinguishable as
two tropical cyclones probably contributed a tropical storm. Dot never recovered from
to the ridging in this area, thereby causing the éffects of this crossing and dissipated
Dot to continue its movement westward less than a day later over the mountainous
toward Taiwan. Although Dot's passage over regions of eastern China.

Figure 3-13-5. Tnopical Stowm Dot was approaching Figure 3-13-6. Tropical Stonm Dot, Located in
Taiwan from the southeast, as seen by nadar the Formosa Strait aften crossing southenn

from Hua Lien [WMO 46699) at 1414007 August Taiwan, as seen by radan §rom Kao-hsiung [WMO
(Photograph courtesy of the Central Weather 46744) at 1502002 August (Photograph cowrtesy
Bureau, Taipei, Talvan) . 04 the Central Weather Bureau, Taipel, Taiwan}.
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TYPHOON ELLIS (14)

Typhoon Ellis developed from a
disturbance that was first detected within
the monsoon trough south of Ponape on
15 August. From initial detection to the
issuance of a Tropical Cyclone Formation
Alert (TCFA) on 18 August, the disturbance
slowly acquired convective organization.
Once organized, development was quite
rapid, with Ellis reaching a peak
intensity of 125 kt (64 m/sec) on 23
August.

The TCFA was issued at 1801002 when
satellite imagery identified a cloud
mass near 8N 151E that had acguired an
upper-level outflow channel to the south-
west. At 1804022, the initial reconnais-
sance aircraft mission located a 20 kt
{10 m/sec) circulation center 85 nm (157
km) northwest of Truk Atoll. During the
next 24 hours, satellite imagery provided
fix positions on the convective center
that showed movement toward the west-
northwest at speeds approaching 16 kt
{30 xm/hr).

Based on continued convective
organization, the first warning was issued

for Tropical Depression 14 at 181800%Z.

At 191108Z, data from the second reconnais-
sance ajircraft mission indicated maximum
winds of 35 kt (18 m/sec) were present and,
at 1912002, Tropical Depression 14 was
upgraded to Tropical Storm Ellis. On the
19th Ellis began tracking more north-
westward in response to weaker steering
currents south of 15N. From the first
warning until the seventh warning (2006002Z)
the forecast scenario anticipated an initial
jog to the northwest then, as Ellis began
interacting with the subtropical ridge,

it would return to a more westward heading.
However, a deep mid-latitude trough

(near 40N 115E at 200000Z) began to

weaken the subtropical ridge southwest of
Japan and the anticipated westward
movement never materialized. By 2012002,
the effects of this mid-latitude trough

on the strength of the subtropical ridge
became evident and the forecast track

was shifted toward the northwest.

On 20 August, satellite imagery
(Pigure 3-14-1) indicated the development
of a banding-type eye. Ellis was upgraded
to typhoon strength at 2100002 when both

Figuie 3-14-1, As an intemse tropical stoam, ELELS

was exhibiting a strong southwest upper-Level
outflow pattern during a period when a banding-type

eye was gfonming.
Amageny}.

2005102 August (NOAA 7 visual



Figure 3-14-1.

Typhoon ELELS, with sinong upper-Level

outflow to the east and the southwest, was nearing
a peak intensity of 125 kt {64 m/sec) at 2217302
August (NOAA 7 infrared imageny).

aircraft and satellite data supported an
intensity greater than minimum typhoon
strength (64 kt (33 m/sec)). In the
following days, Ellis continued to develop
rapidly, passing 100 kt (51 m/sec) intensity
on 22 August and peaking at 125 kt (64 m/sec)
on 23 August. Figure 3-14-2 shows Ellis
just seven hours prior to reaching its
maximum intensity.

By 230000Z, significant height falls
were evident in the mid-tropospheric
levels along the Ryukyu Islands, northwest
of Ellis. The mid-latitude trough which
had previously influenced FEllis's north-
westward track was moving into the Yellow
Sea. A day earlier, Ellis had shifted to

OKINAWA

TAIWAN

Figure 3-14-3,

toward the nonth.
imagerny) .

a north-northwestward track as the
subtropical ridge continued to weaken
south of Japan. Interestingly, the 14
warnings issued from 221800Z to 260000%Z
consistently identified Ellis track within
30 nm (56 km) of the eventual best track
up to 29N. During this period, both the
analyses and numerical forecast fields
maintained a very good relationship between
the mid-latitude trough near Korea and

the subtropical ridge, east of Japan.

As Ellis moved east of Okinawa on 25
August (Figure 3-14-3) its movement shifted
toward the north. As early as 240000Z, JTWC
forecasts began to anticipate this movement

Typhoon ELLLs, Located 140 nm
{259 km) east of Okhinawa, was approaching the
mid-Latitude westernties and subsequent acceleration

2505512 August [NOAA 7 visual



- as well as significant acceleration as

Ellis approached 28N, based on guidance

from the Typhoon Acceleration Prediction
Technique (TAPT) (Weir, 1982). Unfortunately
Ellis slowed to 7 kt (13 km/hr) while
approaching 28N and the early acceleration
forecasts became premature in the timing

of the initial acceleration. However, as
Ellis crossed 28N, the predicted acceleration
occurred and the speeds attained were

very close to those predicted by TAPT.

Once the acceleration was underway,
Ellis commenced a more rapid weakening trend
as the combined effects of increasing
vertical wind shear and interaction with the
topography of Kyushu, Skikoku and western
Honshu reduced Ellis to an estimated 45 kt

69

(23 m/sec)
of Japan.

intensity as it entered the Sea

Ellis moved toward the north-northeast
on 26 August and passed along Kyushu's
eastern coastline and then just west of
Hiroshima on 27 August. This jog to the
north-northeast was costly for the region, as
torrential rains (as much as 28 inches (71 cm)
in 24 hours), flooding, landslides, and high
winds brought much of southwestern Japan to
a virtual standstill. Having left much
of its fury behind, Ellis entered the Sea of
Japan on 27 August and rapidly transitioned
into an extratropical low pressure system
which would later move northwestward,
passing 120 nm (222 km) west of Vladivostok,
USSR.
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TYPHOON FAYE (15)

Typhoon Faye (15) proved to be one of
the more difficult tropical cyclones to
forecast during the 1982 season (Figure
3-15-1). With forecast errors of 142,

384, and 629 nm (263, 711, and 1182 kxm) for
24, 48, and 72 hours, respectively, the
forecast history for Typhoon Faye is a good
example of what can happen when there is
confusion in understanding the effect that
the large-scale flow field and other larger
tropical cyclones can have on a very small
but intense cyclone. 1In this report the

life history of Typhoon Faye is depicted in
table form with seven segments (Table 3-15-1).

For each segment, key events along with the
basic forecast philosophy and prognostic
reasoning are described. A brief post-
analysis description is then presented in
order to compare the actual events of the
tropical cyclone and the synoptic situation.
In this presentation it will be evident how a
basically sound and logical forecast can go
astray when all the "facts" are not completely
understood. Furthermore, an attempt has been
made in this table to describe for the reader
the basic forecast/thought process at the
JTWC. Figures 3-15-2 to 3-15-7 depict several
events along Typhoon Faye's track.
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Figune 3-15-1,

JTWC Windshield-wipern Chant. This

chant depicts the forecast track for each warning

Lssued fon Faye.

Tdeally, in a well-handled

‘fonecast situation, there is not a "windshield-wipen"
{back and fonth} effect but a superposition of one

forecast track upon anothen.

Forecast segments will

be desceribed in Table 3-15-1,
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-TABLE 3-15-1

Segment

Time Period
(Warnings)
*Events

Prognostic Reasoning

Post-analysis Discussion

16/00Z - 20/00Z Aug
{none)

*Weak disturbance
moves westward in the
Philippine Sea toward
the southern Philip-
pines

*Monitoring distur-
bance for indication
of convective develop-
ment

ATthough an exposed low-level
circulation could be identified on
satellite imagery as well as on
synoptic data, little development
was expected due to the proximity
of the Philippines and the dominance
of the flow pattern around Typhoon
Ellis (14) near Guam.

Little difference from prog reasoning.
An upper-level anticyclone did develop
over the area when an upper trough moved
between the system and E1lis; however,
convection vremained unorganized due to
oragraphic influences from the Philippines.

M

20/00Z - 24/00Z Aug
(n - #12)

*System organizes in
the South China Sea
*Tropical Cyclone
Formation Alert at
2002032

*1st warning at 2100002
in South China Sea
*Upgrading to tropical
storm status at 210600Z
*Upgrading to typhoon
status at 2212002

Movement: Subtropical ridge in the
vicinity of Hong Kong was forecast by
the FNOC models to persist and

- strengthen during the forecast period.

This would cause the system to slowly
increase its forward speed toward the
west-northwest. A1l objective aids
predicted a west to northwest move-
ment.

Intensification: Dominance of both the
upper- and Tower-level flow by Ellis
in the Philippine Sea, as well as
s1ight northerly shear from the 200
mb ridge over China, was expected to
prevent much intensification.

Movement: The dominance of Ellis, as well
as the slow encroachment of a frontal
zone from central China, prevented much
building of the ridge over Hong Kong
resulting in weak steering flow near
Faye - especially in the lower layers.
Faye showed little trend in movement
until a frontal/shear zone reached
southeastern China on 23-24 Aug (height
falls were seen at 500 and 700 mb
throughout region).

Intensification: Although the adverse
vertical shear had an effect on the
cyclone, it resulted in a small,
restricted system rather than a weak one.
A small TUTT cell which was analyzed near
Hai-nan Island on 22 Aug appeared to aid
Faye's upper-level outflow toward the
northeast.

——

24/00Z - 25/18Z Aug
(#13 - #19)

*System continues
northward

*System reaches
greatest strength

(90 kt {46 m/sec))

at 2406007

*System reaches Luzon
at 2418007 with
significant damage to
Wallace Air Station at
242200Z with gusts up
to 100 kt (51 m/sec)
*Downgrading to
tropical storm status
at 250000Z

Movement: A persistent northward move-
ment was expected during the initial
24 hours with a more climatological
northwestward track in the outlook
period. Although the daily analysis
indicated that the subtropical ridge
over China was moving north and
weakening, FNOC prog series continued
to call for a gradual strengthening
of the ridge with time. Further
support of this prognosis was seen in
the expected quick movement of Ellis
toward the north. Since El1lis was
dominating the subtropical regions
between 20-30N, its acceleration to
the north and out of the subtropics,
would allow for the eventual reinten-
sification of the ridge. Finally, a
forecast of westward movement con-
tinued to be predicted because of

two primary reasons: the hesitation
to break from the forecast philosophy
maintained through the first 19 fore-
casts and the almost total lack of
climatological tracks eastward of
the South China Sea.

Intensification: Little change from
the forecast reasoning in Segment 2.
Although northeasterly vertical shear
from E11is continued to dominate, it
was now generally thought that Faye
would remain strong in spite of the
adverse synoptic environment. Only
after Faye made landfall on Luzon was
a gradual weakening trend predicted,

N
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Movement: Inspite of predictions to the
contrary by the FNOC prog series, the
ridge over southern China continued to
retreat northward and weaken as strong
troughing dominated the region between
E11is and Faye. This resulted in an
almost due northward movement of Faye.
Toward the end of this period, low- to
mid-level westerly flow began to
strengthen in the Luzon Strait while
El1is slowed its forward speed to 7 kt
(13 km/hr) just east of Okinawa.
Intensification: Faye continued to
intensify until its circulation pattern
began to interact with the mountainous
terrain of western Luzon. Once tand-
fall was made at 2418002, a steady
deterioration was observed as Faye had
trouble maintaining good vertical
alignment. The cause of this poor
alignment appeared to come equally from
the orographic effects of Luzon and the
strong vertical shear north of Luzon
initiated by E11is's outflow pattern.




Time Period

Segment | (Warnings)
*Events Prognostic Reasoning Post-analysis Discussion
4 25/182 - 27/06Z Aug Movement: Once Faye began to move Movement: Initial northeast movement was

(#20 - #26)

*System begins to move
northeastward at
2518002

*Initial final warning
at 2706002

northeastward at 11 kt (20 km/hr) along
the low-level flow induced by E1lis, it
was assumed that it would continue this
motion until it reached Japan as FNOC
prog series maintained a trough in this
region throughout the period.
Intensification: It was believed that
if Faye could maintain its vortex, slow
reintensification was possible once the
strong shear from E11is subsided. This
scenario was abandoned for gradual
dissipation when aircraft missions
continued to show a weakening trend.

well predicted; however, toward the end of
the period the Tow-level flow began to
split in the vicinity of Faye with a
portion of the flow moving northward into
the trough and the other portion moving
east-southeastward toward the newly
developed Tropical Storm Gordon (16).

Faye began to follow this more east-

ward track near the end of the period.
Intensification: Upper-level shear from
the remains of E11is continued to hamper
Faye's effarts to reintensify. This
adverse environmental effect reduced

Faye to an exposed low-level circulation
with only a few isolated convective cells.

27/062 - 29/187 Aug
(#27 - #33)

*System continues on
a east-northeastward
track

*System reintensifies
to tropical storm
status at 280000Z
*JTWC resumes warning
status at 2806007
*System intensifies to
typhoon strength at
2809002

*System weakens to
tropical storm
strength at 2915002

Movement: After E11is moved north of
Japan, the long wave trough was posi-
tioned over western Japan and the Sea
of Japan. Since FNOC Progs predicted
little change in pattern, a forecast
track toward the northeast appeared
the most Togical. This was also
supported by the CYCLOPS steering
aids and the dynamic models. The

JTWC TAPT technique - which keys on
the 200 mb flow - predicted rapid
acceleration toward the northeast
north of 25N was likely. The
direction of movement was predicted
along the 500 mb flow.
Intensification: Wind intensities
were forecast based on persistence

in the near tern and gradual weakening
with increasing latitude in the out-
Took period.

JMovement: Although the upper trough
remained over Japan as predicted, Faye
perhaps due to its small size, failed to
entrain into this flow or move north of
25N. Instead it appeared to be trapped
within the low-level trough between

Faye and Gordon and after 281800Z it
became quasi-stationary. This resulted
in very large forecast errors for this
period.

Intensification: Once Faye moved out of
the strong shearing environment, rapid
intensification occurred. Faye went from
a weak tropical depression to a typhoon
in 27 hours. This reintensification was
Inot well predicted nor was its extremely
small size (smaller than that observed
in the South China Sea). Aircraft at
this time measured maximum surface winds
of 70 kt (36 m/sec) out to only 10 nm
{19 km) from the center and 30 kt

(15 m/sec) winds out to 60 nm (111 km).

Figure 3-15-2.

{Segment 1} Faye, as a tropieal

depression, crossing the southean Philippines.
Although wind speeds were generally Less than
25 kt {13 m/sec}, widespread damage o property
and agriculture was reported by Philippine

newspapers due to fooding.
{NOAA 7 visual imagery).
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Segment|

Time Period
{Warnings)
*Events

Prognostic Reasoning

Post-analysis Discussion

6

29/18Z - 31/06Z Aug
(#34 - #39)

*System shows little
trend in movement and
continues to weaken

Movement: Since it was apparent that
Faye was not responding to the
mid-latitude trough to the north, it
was forecast to move eastward with
the low-level flow directed toward
Typhoon Gordon (16). Initially,
movement was expected to be slow
since the analysis fields indicated
weak steering flow within the trough
between Faye and Gordon. Once Gordon
moved north, stronger westerlies
were expected to accelerate Faye's
Tow-level circulation eastward.
Intensification: Dissipation was
expected within 24 to 48 hours due
to the proximity of Faye to Gordon's
strong upper-level outflow pattern.

Movement: During this period, Gordon

failed to maintain a steady northward
motion. Instead, Gordon sltowed its
forward speed to 5 kt (9 km/hr).

This, in turn, resulted in extremely
weak steering flow at all levels

around Faye. Toward the end of the
period, a ridging pattern began
developing over western Japan resulting
in a slight increase in northerly and
then northeasterly flow. Faye began to
move slowly southwestward in response
to this flow.

Intensification: Although Faye continued
to weaken as predicted, the cause was
not from Gordon's upper-Tevel wind
pattern but from the movement of an
upper trough from China to a position
over Faye. This resulted in Faye being
stripped of its convection, leaving an
exposed low-level circulation.

31/06Z Aug - 03/06Z Sep
{(#40 - #50)

*System weakens to a
tropical depression at
3106002

*System drifts westward
for three days as an
exposed low-level
circulation

*Final warning issued
by JTWC for Faye at
0300002

*System dissipates in
the South China Sea at
0306007

Movement: With the ridge well
established north of the system and
over western Japan, a predicted
westward movement appeared to be
best.

Intensification: Aircraft reconais-
sance indicated that Faye's central
pressure had risen to 999 mb and so
each warning during this period
predicted dissipation within 24
hours,

Movement: Forecast track was fairly
accurate although Faye's increase in
forward speed to 13 kt (24 km/hr) was
not anticipated.

Intensification: Although its wind
intensities were only 20-30 kt (10-15
m/sec), Faye managed to survive as a
Tow-level circulation much longer than
predicted. Final dissipation did not
occur until Faye's exposed low-level
circulation became entrained into the
monsoon circulation that was to become
Typhoon Hope (17) in the South China
Sea.

A4/ FPSI106
SCALE: 12D &M]

CENTER FIX:-
BEARTNG 217 DEG 66 fOYI

Figure 3-15-3,

(Segment 3} The "eye" of Typhoon Faye

as seen by nadan 66 nm 1122 km) southwest of Subic

Bay at 2403587 August.

Cubi Pt, Republic 0f the Philippines)
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Figune 3-15-4. [Segment 3) Typhoon Faye at {ulf
stnength, 90 kt (46 mfsee), just south of Luzon.
The much Largen Typhoon ELLLs, 110 Rt (57 m/sea),
can be seen 925 nm {1713 km) nontheasi of Faye.
2406037 August (NOAA 7 visual {mageny)

Figune 3-15-5. {Segment 4} Tropical Stoam Faye just
south of Taiwan weakening rapidly at 2605391

August as it moves under the strong uppenr-Level
outflow of Typhoon ELLLS. (NOAA 7 visual imagery)
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Figure 3-15-4. (Segment 6} Tropical Stoam Faye, 50
kt (26 m/sec}, once again being dwarfed by ancther
Lwopical cyclone (Typhoon Gordon, 100 kt (51 m/sec))
at 3004517 August (NOAA 7 visual imagery)

3 e . et EEES S

Figure 3-15-7. (Segment 7) An exposed Low-Level
cireutation can be seen just east of Taiwan as the
remains of Typhoon Faye at 0106082 Septemben. This
weak circulation persisted fon over three days.
(NOAA 7 visuak imageny)
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TYPHOON GORDON (16)

Typhoon Gordon developed rapidly from
a disturbance which was initially detected
while it was embedded in an elongated
monsoon trough along 8N between 145E
and 175E. Within 48 hours of its initial
detection, Gordon reached typhoon strength
and eventually proved to be one of the
most difficult typhoons of the season for
JTWC forecasters.

On 25 August, a surface circulation
was detected near 8N 163E associated with
an area of strong, yet unorganized convection.
During the ensuing 24 hours little increase
in convective organization was noted on
satellite imagery; however, an upper-
tropospheric pattern existed nearby that
was conducive for further development.
Analysis data indicated that outflow
channels were readily available via an
upper-level anticyclone centered near
10N 167E, further enhanced by a tropical
upper~tropospheric trough (TUTT) north of
Guam.

Rapid development did not occur until
the upper-level anticyclone moved over the
surface circulation. A TUTT cell located
northwest of the disturbance enabled
outflow channels to remain open to all
quadrants and resulted in a significant
increase in convection on 26 August. A
Tropical Cyclone Formation Alert (TCFA)
was issued at 261500Z during this burst in
convective activity and organization.
Synoptic data from Truk Atoll (WMO 91334)
and Ponape (WMO 91348) at 2612002 also
indicated intensification was occurring
as gradient level winds increased to near
30 kt (15 m/sec) at both reporting stations.

A reconnaissance aircraft investigative
mission at 2623472 was able to fix a
circulation center near 14.5N 154E with
associated surface winds of 30 kt (15 m/sec)
and a 1001 mb sea level pressure. These
data preceded the issuance of the first
warning for Tropical Depression 16 at
270100Z. One day later, at 272335%Z,
reconnaissance aircraft data showed Gordon's
central sea level pressure had dropped to

79

977 mb and surface winds of 65 kt (33 m/sec)
were observed in the north semicircle.
During this period of intensification,
Gordon was upgraded to tropical storm
status at 2706002 and typhoon status at
2800002 based on reported aircraft data and
steadily increasing cloud system organization.
At 291800z, four days after initial
detection, Gordon's rapid intensification
ended at 100 kt (51 m/sec) (See Figure
3-16-1).

The forecasts issued by JTWC during
Gordon's developing stages anticipated
a northwestward movement toward a weakness
in the subtropical ridge located near
20N 150E. These forecasts anticipated
recurvature to occur as Gordon moved
north of the ridge axis along 23N and came
under the influence of an advancing
mid-latitude trough. In response to this
synoptic situation, Gordon's forward
speed slowed as it approached the ridge
axis on 28 August; however, the mid-
latitude trough continued its eastward
movement and by 29 August, its effects
on Gordon's movement were no longer evident.
Following the passage of this trough,

-the subtropical ridge was re-established

north of Gordon and in response, Gordon
resumed a northwestward track along the
ridge's southwestern periphery. Forecasts
issued on 29 and 30 August reflected
Gordon's continued northwestward movement
followed by a northward movement and
acceleration toward Japan.

By 31 August, a different forecast
scenario was gaining strength. At
310000%z, 500 mb-and 700 mb height rises
were observed over southern Honshu and north
of Gordon, indicating the approaching short
wave trough was weakening or moving more
northeastward than previously forecast.
During this period, Gordon, with 920 kt
(46 m/sec) surface winds, was advecting
large amounts of warm, moist air from the
tropics and thereby strengthening the ridge
to the northeast. This strengthening of
the ridge, combined with changes in the
short wave trough, forced Gordon toward



Figure 3-16-1,
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Typhoon Gordon near maximum {ntensity

04 100 bt (51 m/sec] 640 nm (1185 bm] nontheast of

Guam,
south of Okinawa.
Aimageny) .

a more westward track which was maintained
until late on 2 September.

In response to numerical forecast
fields which showed a low- to mid-level
ridge near Korea building edstward over
Japan, JTWC forecasts on 2 September began
forecasting a continued westward movement
along the southern periphery of the two
ridges. By 030000Z, a conflicting forecast
scenario began to develop. It was observed
that 500 mb and 700 mb heights were falling
over southern Honshu, indicating that the
short wave trough, located over Hokkaido,
was deepening once again. However, the
numerical forecast fields provided by
Fleet Numerical Oceanography Command (FNOC),
Monterey, CA, did nnt reflect this tendency
and continued to build the ridge behind
the short wave trough and to the north of
Gordon's track. At this time, two opposing
forecasts were considered possible: one
reflecting the westward track below the
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Typhoon Faye is also seen in this picture
2905022 August (NOAA 7 visual

ridge; the other, indicating a shaip
recurvature and acceleration toward th2
northeas: in response to tihe deepening
trough. JTWC chose to maintain the
wastward prediction as the FNOC forecast
fields appeared to be a meteorologically
sound solution to the synoptic situation.
Concurrently, an intensive meteorological
watch was instituted whereby conventional
analysis data and satellite imagery were
closely monitored for indication of any
changes which would mandate a change from
the westward-moving foracast scenario.

On 3 September, Gordon slowed to 4 kt
(7 km/hr}) from 7 kt (13 km/hr) and took an
increasingly more northward course. This
movement, combined with the continued 500 mb
and 700 mb height falls over Honshu prompted

‘JTWC to abandon the westward forecast at

0312002, and adopt a forecast toward sharp
recurvature and acceleration to the north-
east.



Subse juent to the change in the JTWC
forecast toward recurvature, the FNOC
forecast fields, produced from the 0312002
data base, changed significantly and
supported the recurvature scenario. Had
the numerical forecast series indicated
this trend earlier and not persisted in
building the low- to mid-level ridge
eastward from Korea, the recurvature track
would have been adopted much earlier or
perhaps not even abandoned on 2 September.
This forecast situation emphasizes the
difficulty in issuing credible forecasts
when there exists a conflict between the
observed short-term chanjes in the analysis
data and the numerically forecast changes
bevond the analysis period. There are no
easy answers in there situations and
unfortunately, in similar future forecast
situations, JTWC and its customers may well
have to deal with alternating guidance
fronm both analysis and forecast fields.
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On 3 and 4 September, Gordon did sharply
recurve to the east-northeast as it became
embedded in the mid-latitude westerlies
along the southeastern periphery of the
short wave trough. A fairly rapid acclera-
tion to 22 kt (41 km/hr) was observed prior
to extratropical transition near 37N at
0506002. As Gordon recurved, it passed
260 nm (482 km) southeast of Tokyo. The
U.S. Naval Oceanography Command Facility
at Yokosuka, Japan, reported maximum
sustained winds of 32 kt (16 m/sec) with a
maximum gust of 44 kt (23 m/sec) during the
period, 3 to 4 September. Fortunately,
despite some difficult forecast situations,
Gordon did not strike any major land mass
and there was no significant damage to
military or civilian interests in Japan.



28

TROPICAL

STORM HOPE
BEST TRACK TC-17
04 SEP-06 SEP 1982

MAX SFC WIND 60KTS
MINIMUM SLP 979 MBS

CALCUTTA

T I T T |. T T T {@ T T T
1IWOo JiMa

- +

LEGEND

4

A SPEED OF MOVEMENT

B INTENSITY

E C  POSITION AT XX/0000Z
eco TROPICAL DISTURBANCE
++» TROPICAL DEPRESSION

4 = — TROPICAL STORM

—= TYPHOON

. < < SUPER TYPHOON END

@ SUPER TYPHOON START

. 4%+ EXTRATROPICAL

e+ DISSIPATING STAGE
- Y FIRST WARNING [SSUED
. ¥t LAST WARNING ISSUED

[ SN

L RO

@
4 . . R . YAP -

PALAU IS ¢

R @
llll1>lllllll|

==+ 06 HOUR BEST TRACK POSIT ey

[ S Y v o a1




TROPICAL STORM HOPE (17)

Tropical Storm Hope deﬁéloped from a
monsoon depression which formed on 3
September along the northern edge of a
strong southwest monsoon flow (25 to 30 kt
(13 to 15 m/sec)) that was present over
the southern portion of the South China
Sea. During the formative stages of
this rapidly deepening monsoon depression,
shipboard synoptic observations provided
essential data which enabled the JTWC to
closely monitor the system's development.

At 040345Z, a Tropical Cyclone Forma-
tion Alert was issued for an area west of
central Luzon when shipboard observations
revealed surface pressures had dropped to
at least 1002 mb near the depression's
center. The 041200Z synoptic data, indicating
improved organization in the low-level
wind flow, prompted the first warning which
was issued at 041500Z. In support of the first
two warnings, satellite fix positions - based
on a poorly-defined cloud signature - and
surface observations did not correlate very
well on the system's center. Thus, when a
resources permitting aircraft reconnaissance
mission at 0423572 located Hope well south-
west of the previous warning position, with

maximum winds of 45 kt (23 m/sec) and a

994 mb central sea level pressure, the
tropical cyclone was relocated and upgraded
to tropical storm status on the 0500002
warning.

During the first 30 hours in warning
status, Hope intensified to a peak of
60 kt (31 m/sec) which was maintained until
landfall. On 6 September, Hope slammed
into the coast of Vietnam, 25 nm (46 km)
south of Da Nang, and subseduently dissipated
over the mountainous terrain of Vietnam
and Laos. Accompanying Hope's demise over
Southeast Asia, widespread flooding was
reported in Vietnam and northeastern
Thailand, resulting in several thousand
people fleeing their homes and extensive
damage to the season's rice crop.

From the first warning, JTWC forecasts
continued to anticipate that Hope would slow
its forward movement, or move towards the
west-northwest and slow. Hope, however,
accelerated towards the west-southwest,
paralleling the subtropical ridge axis
to the north, and the expected forecast
movement was never realized.

Figure 3-17-1,

Sea.
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Tropical Stoam Hope near 50 kt
(26 m/sec) intensity in the central South China

0507002 September (NOAA 7 visual imagery).
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TYPHOON IRVING (18)

Typhoon Irving developed within an area
of unorganized convection associated with an
active monsoon trough anchored south of Guan
in early September. Surface pressures
throughout the region between 125E to 165E
and 8N to 13N were below 1004 mb, and the
southwest monsoon flow averaged 20 kt
(10 m/sec) over much of the region. By
0403002, a low-level circulation was evident
on visual satellite imagery near 11N 130E,
although nearby convection had decreased
during the preceding 12 hours. During
this period, another tropical cyclone was
developing in the monsoon trough near 12N
147E (Typhoon Judy (19)). The passage of
Typhoon Gordon (16} east of Japan re-
established a low-level easterly flow to
the north of both of the developing
systems; thus increasing the potential for
further development.

As the circulation near 130E (Irving)
developed, an increase in cloud organization
was seen on satellite imagery which led to the
issuance of a Tropical Cyclone Formation Alert
at 050000Z. An immediate, abbreviated
warning bulletin for Tropical Depression 18

was issued by JTWC at 050855%Z, when reconnais-
sance aircraft closed off a surface
circulation with observed winds near

30 kt (15 m/sec). Based on continued
convective organization, Tropical Depression
18 was upgraded to Tropical Storm Irving

at 0518002,

Early in its development, Irving was
characterized as an exposed low-level
circulation center to the east of the most
active convection region of the disturbance.
Visual satellite imagery and aircraft
reconnaissance data enabled JTWC to follow
the surface center, rather than the upper-
level (convective) center, as Irving moved
across the Philippine Sea.

From 6 to B September Irving remained
equatorward of a strengthening subtropical
ridge and maintained a westward track across
the Philippine Sea. Irving made landfall at
080900Z, on the southern tip of Luzon
(Figure 3-18-1). Maximum winds at landfall
were 60 kt (31 m/sec). Thereafter, Irving
assumed a more northwestward path (of
least resistance) through the Sibuyan Sea

Figure 3-18-1. Tropical Storm lrving nean Landgall

2,

south of Luzon. 0816167 September (NOAA 7 visuat

<mageny)
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Figure 3-18-2, Typhoon Iaving nean maximum intensity

in the South China Sea.
visual {magenry)

and remained over a marine pathway between
the islands of the central Philippines.
During this period, Irving maintained much
of its intensity although some convective
organization was lost. Irving entered the
open waters of the South China Sea, 27 nm
(50 km) southwest of Cubi Point Naval Air
Station at 0917002. NAS Cubi reported
sustained winds of 46 kt (24 m/sec) with

a peak gust of 64 kt (33 m/sec) during
Irving's transit of the region.

1307062 September [NOAA 7

As Irving moved into the South China Sea,
a return to a more westward track and gradual
intensification were forecast, with the sub-
tropical ridge anticipated to maintain itself

" north of Irving's track throughout most of

the period. A more northwestward track
became probable based upon analyses of 500
and 700 mb heights at 1100002 that indicated
height falls at both levels were occurring
over China. Irving, sensing this developing
weakness in the subtropical ridge, maintained

!

Figure 3-18-3. Typhoon 1nving approaching mainfand
China. 1506437 September [NOAA 7 visual imagenyl
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. a slow, northwestward movement until 141200%Z,
when a slight acceleration began. BAircraft
reconnaissance at 1206302 reported a maximum
observed surface wind of 90 kt (46 m/sec),
well above the 50 to 65 kt (26 to 33 m/sec)
range previously forecast. Figure 3-18~2
shows Irving near peak intensity. The air-
craft data also indicated that Irving had

a very tight circulation, with the radius

of 50 kt (26 m/sec) winds within 60 nm (111 km)
of the center during this period of maximum
intensity. Radar observations, as well as
synoptic reports from the Paracel Islands
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{WMO 30981 and 59985) were very useful in
accur®tely determining Irving's position and
intensity during the period 12-13 September
when reconnaissance aircraft fix missions
could no longer be flown.

On 15 September, as the system began to
interact with Hai-nan Island and the coast
of China, Irving was downgraded to tropical
storm strength (Figure 3-18-3). Irving made
landfall 110 nm (204 km) northeast of Hanoi
at 151800Z, and thereafter rapidly dissi-
pated over the mountainous area of Vietnam.
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TYPHOON JUDY (19)

Figure 3-19-1. 0505207 September (NOAA 7
visual {mageny).

Typhoon Judy, along with Typhoon
Irving (18) developed within a very
active monsoon trough that dominated the
low-latitudes of the western North Pacific
during the first week of September. At
0412002, synoptic data indicated low-level
winds were beginning to organize around
the disturbances which later became Judy
and Irving. This apparent organization
prompted the reissuance of the Significant
Tropical Weather Advisory (ABEH PGTW) at
0416002 which discussed each of these
systems for the first time. The relatively
continuous maximum cloud zone that spawned
these two typhoons is shown in Figure
3-19-1, at about the time that a Tropical
Cyclone Formation Alert was issued for
Judy and the initial warning was issued
for Tropical Depression 18 (Irving).

During the ensuing 24-hour period,
Judy rapidly organized while Irving
slowly intensified. It was during this
period that satellite imagery showed the
maximum cloud zone segmenting around the

TAIWAN
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Figute 3-19-3, 0906137 September (NOAA 7
visual imagery).

Figurne 3-19-2. 0605087 September (NOAA 7
visual imagery).

two systems (Figure 3-19-2). The first
warning for Tropical Depression 19 was
issued at 051600Z when satellite imagery
indicated a progressive development of
cloud features around the system. The
first reconnaissance aircraft mission
for Judy was conducted at 0522392 and
reported 45 kt (23 m/sec) surface winds
and a 994 mb minimum sea level pressure.
Based on these data, Tropical Depression
19 was upgraded to Tropical Storm Judy
on the 060000Z warning.

Initial forecasts for Judy anticipated
a movement toward the west-northwest as
the numerical forecast series built the
subtropical ridge from 150E toward 130E
along 25N. However, the subtropical
ridge did not build from east to west
but built northward along 150E instead.
This change in ridge orientation, along
with the eastward progression of a short
wave trough over Asia, permitted Judy
to track northwestward toward eventual
recurvature east of Okinawa.

Figure 3-19-4. 0918587 September (NOAA 7
Angrared imageny).



. From 6 to 9 September, Judy developed
at a fairly steady rate (15 to 20 kt
(8 to 10 m/sec) per day) and reached a
peak intensity of 90 kt (46 m/sec) on
9 September. This period of intensification
was aided by a tropical upper-tropospheric
trough (TUTT) that was located to the
north and northwest of Judy through most
of this period.

On 8 and 9 September, 200 mb data
and satellite imageries suggested that
Judy's upper-level circulation was moving
into a region previously occupied by
the TUTT. As depicted in Figure 3-19-3,
the TUTT axis was contorted northward
around the periphery of the advancing
Judy. By 0918582 (Figure 3-19-4),
satellite imagery revealed that the west
guadrant was virtually devoid of deep-
layer convection and Judy's center had
expanded to more than 90 nm (167 km)
in diameter. During this period, Judy
exhibited a reversal in sea level
pressure tendency and subsequent

reintensification was not observed. Based
on the interpretation of available

data, it appears that at the mid- and
upper-tropospheric levels, Judy may have
ingested the remnants of the TUTT; and

this entrainment of cooler air at these
levels may have accounted for the changes
in Judy's intensity trend and the resultant
satellite signature that were observed

on 9 September.

Prior to 081800Z, JTWC forecast
tracks predicted that Judy would progress
slowly toward the north in the 48- to
72-hour period with a close approach to
Okinawa expected. However, with the
issuance of warning number 13 at
081800z, a significant change toward
the north and recurvature toward eastern
Honshu was forecast. This change in the
forecast was prompted by the 0812002
500 mb and 200 mb analyses data which
showed a deeper penetration of a mid-
latitude trough, south of Korea, than
was previously anticipated.

1

g

*mOKiINAWA

Figute 3-19-5. 1006017 Septemben (NOAA 7

visual imageny)

On 10 September, Judy was moving slowly
(6 to 7 kt (11 to 13 km/hr)) toward the
north-northeast; .satellite imagery (Figure
3-19-5) shows the cloud signature returning
to a more circular appearance., Presumably,
the interaction with the TUTT had ceased
and the mid- and upper-levels were returning
to a more typical environment for a mature
typhoon.

Judy accelerated toward Japan on the
11lth; this movement had been expected as
early as 9 September (near 24N) but was
delayed until the influence of low-level

90

Figuie 3-19-6.
visual imagery)

1105497 September (NOAA 7

steering became favorable for a sustained
northward movement. A low-level anti-
cyclone, centered near 45N 120E, had been
exerting a relatively strong north to
northeast flow over the Sea of Japan
southward to 27N. On 11 September, this
anticyclone began to weaken and its
influence on the region north of Judy
abated. In response, Judy accelerated
from 8 kt (15 km/hr) at 110000z to well
over 25 kt (46 km/hr) before it struck
Japan 38 hours later. Figure 3-19-6
shows Judy as this acceleration began.



1118347 September [NOAA 7
Angraned imageny)

Figure 3-19-7.

As Judy approached 30N, strong upper-
level winds from the south-southwest
began exerting considerable pressure
on Judy. As seen in Figure 3-19-7,
convective activity was eroding on the
southwestern periphery of Judy's center.
This process preceded and accompanied
Judy through its extratropical transition
(Figure 3-19-8).

At 120800Z, Judy made landfall upon
Omaezaki Point in Shizuoka Prefecture,
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Fégure 3-19-§. 1218107 September (NOAA 7
infrared imagerny).

southeast of Nagoya. Judy moved rapidly
over the mountainous region of central
Honshu and entered the eastern portion

of the Sea of Japan where extratropical
transition followed. 1In its wake, Judy
left at least 25 dead and the accompanying
torrential rains and floods damaged more
than 61,000 houses, washed out sections of
956 highways and swept away 46 bridges

in an area stretching from Osaka in the
south, to Hokkaido in the north.
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TYPHOON KEN (20)

Typhoon Ken formed in mid-September in
the western portion of an elongated monsoon
trough in the Philippine Sea. Satellite
imagery on 14 and 15 September showed a
persistent convective disturbance near 17N
134E with evidence of upper- and lower~level
circulation centers. A reconnaissance air-
craft mission early on 16 September closed
off a surface circulation near 18N 133E,
with 10 to 35 kt (5 to 18 m/sec) winds and
a minimum sea level pressure of 1003 mb.
Based on this information, JTWC elected to
forgo the issuance of a Tropical Cyclone
Formation Alert and, at 160300Z, the initial
warning was issued on Ken as Tropical
Depression 20.

Ken was upgraded to tropical storm
status on the 161200Z warning after aircraft
reconnaissance reported a 999 mb central
pressure and sustained winds of 35 kt (18
m/sec). Initial warnings for Ken anticipated
movement toward the west, passing near the
northern tip of Luzon within 72 hours. These
forecasts were based on the apparent strength
of the mid-level steering flow along the
southern periphery of the subtropical ridge
which was centered between Taiwan and Okinawa.
Thirty-three hours after the initial warning
was issued, Ken was upgraded to typhoon status
when aircraft reconnaissance data showed a
central pressure of 976 mb, equivalent to an
intensity of 65 kt (33 m/sec) (Atkinson and
Holliday, 1977). Ken underwent a rapid
intensification during the following 24 to
36 hours, with its intensity surpassing 100 kt
(51 m/sec) on 18 September. Up to this point
in its development Ken was characterized as
a compact system; for example, aircraft data
at 1806002 indicated a 938 mb central pressure
in a 10 nm (19 km) diameter eye with a maximum
surface wind of 100 kt (51 m/sec) located
within a band of maximum winds only 15 nm
(28 km) from the center.
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Ken moved much slower than anticipated,
and toward the west-northwest, for the first
four days in warning status. During this
period, a gradual but significant change in
the subtropical ridge was taking place; by
19 September the ridge had retrograded south-
westward and strengthened over southern China
and the northern portion of the South China
Sea. JTWC forecasts during this period
expected this slow movement to be short-lived
based on a forecast strengthening of the ridge
north of Ken and a corresponding weakening of
the ridge over the South China Sea which would
allow Ken to resume its movement westward.

This forecast scenario never materialized and,
aided by analysis and prognostic fields from

the 1912002 data base which provided

indications that westward movement was not
likely to occur, JTWC forecast tracks turned
toward the north commencing with the 2000002
warning. Some of the indicators which

prompted JTWC to change the forecast track

were: the numerical forecast fields were
starting to show a persistent break in the ridge
north of Ken vice a strengthening of the ridge;
the dynamic tropical cyclone models (OTCM, NTCM)
began to consistently forecast a northward
movement; and analysis data began to show
significant height falls at the 700 mb level were
starting to occur north of the ridge over
southern Japan.

Despite all the signs predicting a
northward movement, Ken eventually became
quasi~stationary on 20 September (Figure
3-20-1 shows Ken at its westernmost position)
and the character of the associated circu-
lation pattern began to change dramatically;
aircraft reconnaissance missions found the
center expanding, with the strongest wind
bands moving away from the center. The
diameter and character of the eye (when
observed) was also changing from mission to
mission. A possible explanation of what



Figure 3-20-1. Typhoon Ken, at its westernmost
position and just beginmning a period of very Littfe

movement.
centen.

Note the strong banding toward Ken's
Within the next two days, much of this

center would erode, Leaving a nearly cloud-free

area 60 nm {111 km) in diameten.

2005427 Sepiemben

(NOAA 7 visual imagery provided by Det 4, 1

Clark AB RP).

caused Ken to undergo such drastic changes
could be the interaction . with mid-latitude
westerlies advecting much cooler air into
Ken's center, thus accounting for formation
of the large cloud-free center. The 2012002
500 mb analysis (Figure 3-20-2) shows the
winds from the west moving into Ken's
circulation about the time that these changes
began. However, this does not explain why
Ken's eye dissipated and then reformed within
the otherwise cloud-free center, unless the
westerlies were diverted from the center for
short periods of time, allowing warm, moist
air to reenter the center and assist in the
reformation of the eye.
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Ken's eye was last observed at 2120112
during a double~fix aircraft mission. On
the first penetration, the mission Aerial
Reconnaissance Weather Officer (ARWO)
indicated the eye was 7 nm (13 km) in
diameter but on the second penetration, at
212327%Z, the ARWO reported "... the eye was
so large we couldn't even pick it up on our
radar ..."l. Further, the band of maximum
winds were observed some 60 to 95 nm (111 to
176 km)} from Ken's center.

On 21 September, satellite imagery and
upper air analysis data indicated the trough
north of the subtropical ridge had begun to

1 Candis L. Weatherford, Capt, USAF, mission
ARWO.



. deepen. In response, Ken began to move
erratically toward the northeast and by
211800Z was on a steady course toward Okinawa.
The possibility of significant acceleration
was examined as continued interaction with
the mid-latitude westerlies seemed likely.

A recently developed JTWC forecast aid,

TAPT (Weir, 1982), indicated Ken might under-
go acceleration near 25N. Indeed, as Ken
approached 26N, its forward speed began to
increase and acceleration continued until
landfall on the island of Shikoku, Japan.
During this acceleration period Ken passed

78 nm (143 km) southeast of Okinawa;

maximum winds recorded at Kadena AB were 35
kt (18 m/sec) at 230955%Z and a peak gust of
58 kt {30 m/sec) at 231135Z. Ken also
brought a significant, and much needed,
rainfall to Okinawa; 11.09 inches (28.2 cm)
were recorded at Kadena on 23 September.

Once past Okinawa, Ken beqgan to gradually
weaken under strong mid- and upper-level

18° 120°

westerlies., Aircraft reconnaissance missions
continued to find the belt of maximum surface
winds moving farther away from the center with
every fix. Satellite imagery showed a steady
decline in convection as Ken continued to move
toward Japan. Ken made landfall upon Shikoku
at 2417002, crossed the inland sea, and then
moved through western Honshu into the Sea

of Japan where it became extratropical at
250000z.

Ken was the fourth typhoon of the season
to hit the main islands of Japan; it brought
torrential rains and high winds, which
triggered mudslides that flooded or wrecked
thousands of homes and paralyzed both air
and ground transportation. Reports from the

region indicated that a peak gust of 114 kt
(59 m/sec) was recorded on Shikoku during
Ken's passage along with 8.7 inches (22.1 cm)
of rain over one six-hour period.
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‘had diminished durning the previous 12-hour period.

This process allowed mid-Latitude westernties 2o
move further southward and become involved with
Ken's cincubation patiern. The break in the
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can also be seen. Wind speeds are in knots.
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TROPICAL STORM LOLA (21)

Tropical Storm Lola was the third
tropical cyclone of the season to form
in the subtropical latitudes of the
western North Pacific Ocean. Typical of
tropical cyclones that form north of 20N
in the mid- and late summer, Lola's
formation was aided by its proximity to
a tropical upper tropospheric trough
(TUTT) cell (Sadler, 1976) and remained
a small, compact tropical cyclone during
its lifetime. Due to Lola's remote
location, no successful reconnaissance
aircraft missions were flown and all fix
positions and intensity estimates were
based on analyses from satellite imagery.

Lola was first detected on satellite
imagery as a weakly organized band of
convection near the dateline on 13
September. By 140000z, this convection
had moved westward@ to within 600 nm
(1111 km) of a well-defined TUTT cell
that was located in the vicinity of Wake
Island (WMO 91245). During the ensuing
24 hours, the upper-tropospheric divergence
fields appeared to increase in the area and
a small anticyclone was soon detected on
satellite imagery over the disturbance.
During the same period, a low-level shear
line from a cold front moved to within
200 nm (370 km), north of the convective
disturbance. This shear line appeared
to aid the development of the low-level

circulation center, as cumulus lines
could be detected spiraling into the
system's center from the north as early
as 1500002z.

Convection remained weak and variable
over the next 18 hours; however, at
1518292 a Tropical Cyclone Formation Alert

-was issued when upper-level outflow

increased around the system. During the
next 12 hours, convective organization
increased and at 160600Z, the first warning
was issued for Tropical Storm Lola when

the intensity estimate from analysis of
visual satellite imagery indicated the
likelihood of 35 kt (18 m/sec) surface
winds near Lola's center.

Lola's eventual recurvature around
a mid-tropospheric anticyclone was well
forecast due, in part, to good agreement
from the very first forecast with the
CYCLOPS steering aids and the One-Way
Interactive Tropical Cyclone Model (OTCM).

As Lola approached 30N .on 17 September,
acceleration toward the northeast began in
advance of a newly formed cold front
which was moving toward Lola from the
northwest. Extratropical transition
was completed by 1900002 when Lola
became totally entrained into the frontal
system.

Figure 3-21-1.

the nonthwesi.
imageny) .

Trhopical Stonm Loda at the point
of recurvature as a cold gront approaches ghom

1704367 September (NOAA 7 visual
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TROPICAL DEPRESSION (22)

Tropical Depression 22 began its brief
existence as a significant tropical cyclone
in the wake of Typhoon Ken (20). An exposed
low-level circulation, with convection
displaced well west-southwest of the
circulation center, was a persistent feature
of this system throughout its lifetime as it
was apparently dominated by Typhoon Ken's
upper-level outflow.

The first aircraft investigative
mission flown on 20 September closed a
surface circulation with 15 kt (8 m/sec)
winds and a central sea level pressure of
1002 mb. The mission Aerial Reconnaissance
Weather Officer reported no mid- or upper-—
level cloud features associated with the
low~level center. A second investigative
flight on 21 September reported winds had
increased to 20 kt (10 m/sec) near the
circulation center, while winds of 30 kt
(15 m/sec) were evident 70 nm (130 km)
south of the center. Convection was
displaced 90 nm (167 km) west-southwest of
the low-level center but was increasing
in intensity. This information prompted
the issuance of a Tropical Cyclone Formation
Alert (TCFA) at 2101232.

Subsequent synoptic data carried a
growing number of reports of 30 kt (15 m/sec)
winds in the alert area, plus visual satellite
imagery at 2103002 depicted a strengthening
of the low-level circulation. Based on these
factors, the first warning was issued

on Tropical Depression 22 at 2106002

calling for movement toward the northwest.

At this time Typhoon Ken was 900 nm (1667 km)
to the west-northwest but minimal interaction
was expected. However, Ken's outflow

pattern was expected to inhibit rapid
development of Tropical Depression 22.
Therefore intensification to only 55 kt

(28 m/sec) was forecast by the end of

72 hours. (See Figure 3~22-1).

During the ensuing 24-hour period
aircraft and satellite data showed no
indication of vertical development.

Synoptic data at 220000% indicated that
surface winds had weakened to 20 kt (10 m/sec)
and surface pressures had not changed from
the previous 1002 mb level. Because
Tropical Depression 22 was continuing to
move more rapidly toward the north-northeast,
little opportunity for further development
was expected. Additionally, satellite
imagery continued to show a weakening

of the low-level circulation, thus

warnings were suspended at 220700%.

After dissipating as a significant
tropical cyclone, a weak convective
disturbance persisted and began accelerating
northeastward. This disturbance did maintain
enough integrity to induce the development
of a small extratropical system upon
merging with a frontal zone southeast of
Japan on 24 September.

Figure 3-22-1. Tropical Depression 22 at 30 kt
(15 m/sec) intensity as an exposed Low-Level
cirewlation. Convection is displaced to the
west-southwest, Typhoon Ken can be seen 900 nm

(1667 km} %o the nonthwest. 2105297 September
(NOAA 7 visual imagery!.

99



010CT -090CT 1982

L —— —+—+— —ach—t
>0‘°‘“l~ i i I I } $ 1 It Il ]
—+— ot 30—
LA . SUPER
] J:AHA_ » TYPHOON MAC
- , BEST TRACK TC-23 —

MAX SFC WIND 140KTS

15", ®  MINIMUM SLP 895 MBS "
I v
——t—t ——t ottt R0+
sgfmj +— ——+ ottt fog—t
oL .02
i 4 Tera R T
,.-\—\-4.4.‘}‘01 Jpoc. T
\ ’°oo°J ° ®
Yooyl T 3 4+ ewewetak o -
' Attt
N ALY 1,\9.8 A L
ldg VO } &ﬁ\ : . i
160 50 45 4p 3630 25B o [
——— gttt —————— e
_ Cg | L i % ONN2Z 1 KOSRAE
LEGEND | i 1 1 1 i
P~ 06 HOUR BEST TRACK POSIT . . + o+ . . .
A SPEED OF MOVEMENT —t . - ; - . - \
B |NTENS|TY T T T T T T T T T T T T 1 T T T ‘O°'l—+——
€ POSITION AT XX/0000Z : s : : T : 7 coes
cco TROPICAL DISTURBANCE b s Y
ses - TROPICAL DEPRESSION ~ ~ R Pacs . | 1
— — TROPICAL STORM ')’("’C )
~— TYPHOON . o + ¢ - TN :
<« SUPER TYPHOON START ; ; TR ' y —

<> SUPER TYPHOON END
oo EXTRATROPICAL

s+ DISSIPATING STAGE

Y FIRST WARNING ISSUED
<% LAST WARNING ISSUED

100




SUPER TYPHOON MAC (23)

Super Typhoon Mac was spawned to the
east of Ponape (WMO 91348) in an area which
had been under close scrutiny by the
Joint Typhoon Warning Center for several
days. A persistent surface circulation,
with an associated upper-level anticyclone,
was closely monitored beginning on 28
September. No signs of significant
development were evidént until satellite
imagery on 1 October revealed that the
convective pattern was more conducive
to intensification and the upper-level
outflow signature was supportive of
sustained further growth of the disturbance.
Based upon this evidence, a Tropical Cyclone
Formation Alert was issued at 010635Z.
Further intensification was rapid; the first
warning on Tropical Depression 23 was issued
at 0112002 after nearby shipboard observations
indicated that the surface pressure was as
low as 1003 mb and that surface winds had
risen to 25 kt (13 m/sec).

Because of Tropical Depression 23's
location (near 12N 150E), it became apparent
that the system presented a significant
threat to the island of Guam. During
its formative stages, Mac had moved somewhat
erratically but had tracked generally
west-northwestward under the influence
of steering currents associated with the
southern periphery of the subtropical ridge.
Initially, numerical forecast fields
indicated there would be no change in this
steering flow over the next three days and
Mac was predicted to continue on a west-
northwest. course. During this period, rapid
intensification was expected due to favorable
upper- and lower-level conditions: the
relatively small upper-level anticyclone
over the system was in close proximity to
strong upper-level outflow channels; and at
the surface, there was a massive area of

inflow from the west with virtually no
competition from other circulation centers
in the area (Figure 3-23-1).

15° 207 125°

Figuwte 3-23-1.
Wind speeds are in
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Figure 3-23-7,

Initial forecasts proved accurate as
Mac passed 10 nm (19 km) southwest of Guam
at 030000Z. Although maximum sustained
winds within Mac were estimated to be 60 kt
(31 m/sec) at closest point of approach to
Guam, the highest sustained winds recorded
at Nimitz Hill (24 nm (44 km) from Mac's
center) were just 30 kt (15 m/sec). Guam
experienced little structural or equipment
damage because of the fortunate combination
of adequate advance warning and preparation,
and the compact wind radii associated with
Mac. However, crop damage was extensive
in the southern part of the island due to the
heavy rains and relatively high winds
experienced there; the Government of Guam
Department of Agriculture estimated damages
at 1.5 million dollars.
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Super Typhoon Mac {4 showm 11 hours
aften maximum intensity, 0506407 October {NOAA 7
visual imagery).

Mac continued to intensify rapidly
after passing Guam. In two days, from the
3rd to the 5th, Mac more than doubled its
intensity from 60 kt (31 m/sec) to 140 kt
(72 m/sec) (Figure 3-23-2). Figure 3-23-3
shows the trends of various meteorological
parameters over Mac's lifetime. The 700 mb
data and minimum sea level pressure (MSLP)
were derived from reconnaissance aircraft
data. Items of particular note include:
the dewpoint depression of 28°C, one of the
largest ever recorded in a tropical cyclone:;
the redevelopment to super typhoon strength,
only the sixth recorded instance since 1958;
the correspondence of the MSLP trends and
intensity peaks; and the relatively smooth
intensity trend as presented by Dvorak
analyses.



During its period of rapid intensifi- appeared to be right on course toward Tokyo

-cation, Mac began to assume a more northwest- until 8 October.

ward track in response to a developing

weakness in the subtropical ridge near the Once embedded in the mid-latitude
Ryukvu Islands. On 5 and 6 October, after westerly flow, Mac accelerated to a maximum
having attained super typhoon strength, Mac forward speed of 28 kt (52 km/hr) but lost
turned sharply north-northeastward and little of its intensity. Two days after its
accelerated. Beginning with forecasts issued recurvature, Mac's intensity had dropped only
on 4 October, which keyed on the break in 30 kt (15 m/sec), i.e. from 125 to 95 kt (64
the subtropical ridge, JTWC anticipated this to 49 m/sec); although Mac remained intense,
movement guite well. Because of a deep it rapidly lost its tropical characteristics
westerly flow which extended well to the and transitioned into an extratropical

south of the main islands of Japan, Mac system on 9 October.

never posed a threat to Japan even though it
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TYPHOON NANCY (24)

A large area of weakly organized
convection consolidated into a single mass
on 8 October near 17N 158E in a region made
favorable for cyclogenesis by the divergence
aloft near an upper cold low. This con-
vection was strong enough to become separate
from the surrounding cloudiness lying south
of an upper cold low embedded within a
tropical upper—tropospheric trough (TUTT).
Sustained surface pressure falls, however,
weren't realized as this convective area
degenerated later that day into a random
pattern of cloudiness. The upper cold low
continued to drift westward and was located

near 148E on 10 October, This time the con-
ditions were right for cyclogenesis — the
upper-level divergence coupled with a pre-
existing low-level cyclonic circulation and
a tropical depression formed in the enhanced
cloudiness just south of the TUTT. This
cloudiness was separate and distinct from
the routinely observed maximum cloud zone,
which lay to the south, between 7N and 10N.

A Tropical Cyclone Formation Alert was
issued at 1007302 for the area 200 nm
(370 km) north of Guam due to the 1005 mb
surface pressures and the significant

Figure 3-24-1. 1405567 October NOAA 7 visual imagery
shows Typhoon Nancy at its peak intensity of 115 kt
{59 m/aec) and approximately aix hourns away grom

Landgall on nonthern Luzon.

Note the island of

Taiwan can be seen to the north of Nancy's cloud

shields.



increase of cloud pattern organization.
Again, because of the sparse c¢onventional
data,‘satellite images had been the key
indicator of cyclogenesis and ai.craft
reconnaissance could not be scheduled to
investigate the area until the following day.

The initial reconnaissance aircraft
located a closed circulation and surface
winds of 25 kt (13 m/sec) which prompted the
first warning at 110200Z. Upgrading from
tropical depression to tropical storm status
followed within six hours, when the follow-on
aircraft fix found 35 kt (18 m/sec) winds and
a minimum sea level pressure of 999 mb. Nancy
stabilized at moderate tropical storm strength
and maintained a westward track for the next
24 hours.

Much of Nancy's ear